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PREFACE 


This  report  is  comprised  of  conr.ients  i-eceiveo  on  the  field  draft  '.lilk 
River  V.'ater  Supply  Study  Plan  Fon'-iulstion  ".vorkiri?,  DocaTent  and 
rieclaoa ticn' s  responses,  alont,  v/it'n  a  revised  version  of  the  PF'i'D.   The 
field  draft  of  the  PFV/D  was  disti'it-ated  to  involved  state  and  federcl 
arencies,  the  Indian  tribes  in  the  area,  irrigation  districts,  and 
inteiested  private  par-ties.   The  revised  field  draft  in  this  ;"eport 
concludes  the  study  by  s'oriaarizing  the  inforr.ation  gathered  to  date. 

As  detailed  in  the  s'anr.'iary  of  the  report  (see  pages  SI  to  S-17),  the 
Milk  River  s'ater  Supply  Study  is  divided  into  three  phases:   Phase  1, 
appointnent  of  a  joint  board  of  control  by  the  Milk  River'  irrigators 
and  restor-ation  of  the  St.  I'iary  Canal  to  its  or-iginal  capacity  of 
550  ft  /s,  is  already  in  operation.   Phase  2,  to  repair  and  improve 
project  facilities  and  improve  rianagenient  of  both  the  irrigation 
syster;s  and  the  use  of  water  on  the  farn,  could  be  implenented.   For' 
the  C-las.'zov.'  and  Malta  Irrigation  Districts,  Phase  2   could  be  carried 


the  Bureau  of  Recla~jation' s  Rehabilitation  and  jetteruent 
rick-Sloan  Missouri  Rive,'  333ip.  Ri'o^r.a.-:]  pov,'e;"  rever.ues  :.aj 
1-1 


ouc   unae; 

Pro^r-a:". 

available   to   help   pay   off   pr-oject   co3ts   beyond   the   irrigators   ability 

to   pay,    but  only   if  Congress   authoi'ises   this   arran-eiaent.      Tlie   Chinook 

Division   and    the  Dodson   District 

but    they   could  use    the  Snail   Projects 

Congress  ai-ain   a-athoriz in  ;   the   use   of 


tij    'j: iwj 


--•  h":  P 


^5  m  r-  r 


^c  an   Prorrarj 


the   ?.'-3  Pro 
'or  Phase  2 


.th 


DOr/er   revenues. 


Augrientinj^   the  '.;=ter   supply   in    the   Milk   River  Easin    by    constructing  a 
canal    fron    the  !;issouri    River    to   the  Milk,    Phase   2.    v^^uid    require   a 
Regional    Director's    planning   r'epor-t/er.vir'on.":;ental    iupact    state;:'ent. 
Continuation   of  Phase   R   rr.ust   av'ait    resolution   of   two   issues: 


The   reserved  water   i-'ights   of   _ndianE   remain   un; 
Indians   receive   a   full  water- 


jn  t  i . 


:ne 


'■U' 


f 


y,  the  ar.ount  of  \;ater  available 
to  the  other  irrigator-s  is  unknown.   Solution  of  the  Indian 
entitlement  may  involve  other  adjoining  rive:'  basins; 

2.   l.'ater  rights  in  the  basin  rp.ust  be  adjudicated  to  demonstrate  a  need 
for  Phase  3-   Twenty-five  thousand  acres  are  presently  irrigated  in 
the  basin  under  junior  \,'ater  ri_-;:ts,  while  senior  water  rights 
cannot  be  fully  met.      Until  wat-:r  rights  are  I'r.ec   and  enforced, 
those  with  juni-^r  rights  will  fe  ^1  no  need  to   id  to  the  supply  of 
water  available  for  irrigation; 

Phase  3  cannot  be  pursued  until  Indian  and  non-Indian  water  rights  are 
quantified.   Thus,  the  Milk  River  VJater  Supply  Study  is  being 
concluded. 
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Background 

Irrigation  in  the  Milk  River  Basin  began  during  the  I880's  by  small 
individual  systems,  then  developed  into  a  comraunity  system  with  the 
construction  of  a  diversion  dam  at  the  Fort  Belknap  Diversion  site  in  I89O. 
Water  shortages  soon  occurred.   In  the  early  1900's,  the  Bureau  of 
Reclamation  constructed  a  storage  facility  (Lake  Sherburne)  on  St.  Mary 
River  and  a  canal  from  St.  Mary  River  to  the  North  Fork  of  the  Milk  River 
to  supplement  Milk  River  flow.   Nelson  Reservoir,  an  offstream  regulating 
facility,  was  added  to  the  system  in  1922.   After  the  drought  of  the 
1930' s,  Fresno  Reservoir  was  constructed  to  provide  more  storage  and  to 
provide  better  management  of  the  water  diverted  from  St.  Mary  River. 

There  are  now  over  138,000  irrigated  acres  in  the  Milk  River  Basin.   These 
include  92,000  acres  within  the  Milk  River  Project,  11,000  acres  which  are 
irrigated  under  individual  contracts  with  the  Bureau,  10,^25  acres  on  the 
Fort  Belknap  Reservation,  and  25,000  acres  of  land  being  irrigated  under  a 
water  right  junior  to  all  others. 

Problems  Today  and  Tomorrow 

Today,  Milk  River  irrigators  face  significant  water  shortages  in  6  years 
out  of  10.   Recent  examples  of  shortages  occurred  in  1983  and  1985  when  the 
basin  experienced  diversion  shortages  of  more  than  35  percent.   In  1984  the 
water  supply  was  less  than  one-half  of  the  annual  diversion  requirement. 
The  average  annual  shortage  is  122,600  acre-feet  or  20  percent  of  diversion 
requirement.   These  shortages  are  caused  by  a  combination  of  periodic 
severe  droughts,  overdevelopment  of  irrigation  relative  to  the  water 
supply,  and  aging  canals  that  are  unable  to  carry  enough  water  demands  of 
current  irrigation  operations. 

Unfortunately,  today's  shortages  will  increase  about  28,000  acre-feet  in 
the  future  when  Canada  and  tribes  on  the  Fort  Belknap  Reservation  make  use 
of  their  legal  share  of  Milk  River  waters. 
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About  200  miles  of  the  Milk  River  cross  the  province  of  Alberta,  Canada. 
Over  the  years,  Alberta  has  not  used  its  full  share  of  Milk  River  vater, 
allowing  it  to  be  used  by  Montanans  downstream.   Now  Alberta  proposes  to 
build  a  dam  to  provide  water  for  irrigation  in  Canada.   VsTien  Alberta  uses 
its  full  share  of  water,  average  annual  water  shortages  of  Montana 
irrigators  would  increase  by  about  15,000  acre-feet. 

The  Gros  Ventre-Assiniboine  Tribes  on  the  Fort  Belknap  Reservation  are 
negotiating  their  reserved  water  right.   If  the  Tribes  were  granted  a  right 
to  all  the  natural  flow  of  the  mainstem  and  tributaries  of  the  Milk  River 
upstream  or  rising  on  the  reservation,  the  average  shortage  of  other  basin 
irrigators  would  be  increased  about  13i000  acre- feet.   It  was  assumed  for 
this  study  that  a  total  of  24,000  acres  would  be  irrigated  on  the 
reservation.   This  assumption  was  based  on  the  number  of  acres  which  could 
be  served  by  the  existing  Fort  Belknap  Diversion  Dam.   Study  results  show 
that  in  addition  to  their  senior  reserved  water  right,  the  Tribes  on 
Fort  Belknap  Reservation  will  require  a  supplemental  water  supply  to 
provide  a  full  supply  to  24,000  acres. 

Water  rights  on  the  Milk  River  are  presently  being  adjudicated  by  the 
State  of  Montana.   Upon  completion  of  the  adjudication,  distribution  of 
water  shortages  in  the  basin  should  change.   In  the  past,  some  landowners 
with  junior  water  rights  have  diverted  Milk  River  water  during  periods  when 
the  water  supply  was  only  adequate  for  landowners  with  senior  water  rights. 
When  water  rights  are  adjudicated  and  enforced,  those  with  junior  water 
rights  will  be  forced  to  cease  or  reduce  diversion  when  water  supplies  are 
limited.   They  will  bear  a  much  larger  share  of  the  shortages  than  they 
have  in  the  past. 

In  addition  to  the  irrigation  water  needs,  about  7,500  acre-feet  of 
exchange  water  is  needed  to  allow  the  Bureau  of  Land  Management  to  develop 
stockwater  ponds  on  the  tributaries  of  the  Milk  River.   About  16,000  acre- 
feet  of  water  is  needed  to  improve  waterfowl  production  at  the  Bowdoin 
National  Wildlife  Refuge  and  additional  municipal  water  is  needed  for  the 
town  of  Chinook. 


S-2 


Solutions  to  the  Problem 

The  Milk  River  irrigators  have  been  working  with  Reclamation  and  Montana 
Department  of  Natural  Resources  and  Conservation  (DNRC)  to  find  a  solution 
to  the  persistent  shortages.   A  plan  in  three  phases  has  been  formulated, 
involving  basin-wide  management  of  the  water  supply  available; 
rehabilitation  of  the  aging  canals,  laterals,  and  onfarm  systems;  and  a  new 
source  of  water. 

Phase  1 


Phase  1  has  already  begun.   A  joint  board  of  control  is  being  established 
by  the  Milk  River  irrigators.   This  board  will  coordinate  and  consolidate 
basin-wide  irrigation  operation  for  more  efficient  and  effective  use  of 
water,  equipment,  and  district  staff. 

The  irrigation  districts  are  also  restoring  the  St.  Mary  Canal  to  its 
original  design  capacity  of  850  ft  /s;  present  capacity  is  estimated  at 
700  ft^/s.   The  diversion  from  St.  Mary  River  via  the  St.  Mary  Canal 
provides  a  substantial  amount  of  the  water  supply  available  to  the 
Milk  River  irrigators.   Restoring  the  canal  will  reduce  the  average  annual 
shortages  by  an  estimated  16,000  acre-feet  (see  Figure  S-1). 

Phase  2 

Phase  2  is  tailored  for  the  Milk  River  irrigation  districts  and  contract 
pumpers,  its  main  beneficiaries.   Phase  2  will  reduce  water  demands  at 
canal  headgates  by  improving  conveyance  efficiencies,  through 
rehabilitation  of  the  canals  and  laterals,  and  by  increasing  onfarm 
irrigation  efficiency.   Canals  would  then  have  enough  capacity  to  meet  crop 
irrigation  demands.   Phase  2  will  also:   (1)  restore  the  reliability  of  the 
system,  (2)  provide  measuring  devices  for  the  equitable  and  efficient 
distribution  of  water,  (3)  provide  safety  features  for  protection  of  human 
life,  (4)  restore  design  capacity  to  the  system,  thus  reducing  the  risk  of 
system  failure,  (5)  permit  reclamation  of  agricultural  lands  affected  by 
canal  seepage, 
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(6)  improve  annual  operation  and  maintenance,  and  (7)  ensure  the  continued 
social  and  economic  welfare  of  the  area.   Without  rehabilitation,  water 
shortages  will  continue,  and  some  of  the  larger  facilities  in  the  system 
will  inevitably  fail. 

Specifically,  Phase  2  includes  three  programs — Rehabilitation  and 
Betterment,  Construction  and  Rehabilitation,  and  Onfarm  Efficiency 
Improvement.   Rehabilitation  and  Betterment  concentrates  on  project 
features  requiring  imniediate  action,  including  lining  laterals  with  slip- 
form  concrete  or  placing  them  in  pipe;  lining  sections  of  main  canals  with 
compacted  earth  or  membrane  lining;  repairing  or  replacing  canal 
structures;  realigning,  deepening  and  rehabilitating  open  drains,  building 
new  drains,  and  installing  measuring  devices. 

Construction  and  Rehabilitation  will  rehabilitate  a  major  portion  of  the 
entire  system.   Obsolete  structures  like  the  Dodson  Diversion  Dam  and 
Fort  Belknap  Diversion  Dam  will  be  replaced  or  modified,  automated  slide 
gates  will  be  installed  on  several  canals,  canals  will  be  reshaped  and 
lined  to  conserve  water  and  improve  delivery  efficiency,  gravel  service 
roads  along  the  waterways  will  be  built  to  provide  better  access  for 
operation  and  maintenance,  and  drain  works  will  be  improved.   Measuring 
devices  will  be  installed  on  all  farm  turnouts  and  laterals. 

The  Onfarm  Efficiency  Improvement  program  contains  two  parts:   inauguration 
of  a  basin-wide  irrigation  management  system,  and  a  program  of  onfarm 
improvements  and  operational  changes  to  increase  the  irrigation  efficiency 
by  15  percent.   Onfarm  improvements  include  field  leveling,  border  dikes, 
gated  pipes,  concrete-lined  head  ditches,  automated  controls  on  head 
ditches,  and  sprinklers.   The  total  cost  of  Phase  2  is  $101,200,000. 

Phase  2  will  favorably  affect  the  aquatic  resources  of  the  area:   the  flows 
in  the  Milk  River  will  be  higher  during  dry  periods,  and  reservoirs  will  be 
held  at  higher  levels.   Some  habitat  for  terrestrial  species  will  be 
eliminated  in  seeped  areas  along  canals  and  laterals.   Other  areas  will  be 
managed  for  wildlife  in  mitigation  along  Beaver  Creek  (2,755  acres), 


Nelson  Reservoir  (1,340),  Dodson  Canal  (558),  Vandalia  Diversion  Dara 
(400  acres)  and  Lonesome  Lake  (5,600  acres). 

Table  S-1  lists  features  of  Phase  2,  and  Table  S-2  costs  and  benefits. 

Phase  3 

The  irrigation  districts  and  contract  pumpers  would  have  a  full  water 
supply  after  implementation  of  Phase  2  and  enforcement  of  adjudicated 
water  rights.   Phase  3  was  formulated  to  provide  an  adequate  water  supply 
to  the  landowners  with  junior  water  rights,  Gros  Ventre-Assiniboine  Tribes 
on  the  Fort  Belknap  Reservation,  Bureau  of  Land  Management  stockwater 
ponds,  Bowdoin  National  Wildlife  Refuge,  and  the  town  of  Chinook. 

The  Preferred  Plan  for  Phase  3  is  the  Virgelle-Milk  230  ft^/s  Canal 
Alternative.   The  pumping  plant  would  be  upstream  of  Hoggs  Island  on  the 
Missouri  River  (see  Figure  4.3  in  Chapter  4).   An  infiltration  gallery 
design  is  proposed  for  the  pumping  plant.   A  plot  would  be  excavated  from 
the  bottom  of  the  river  bed  and  filled  with  gravel.   Well  screens  would  be 
laid  horizontally  in  the  gravel  bed.   Water  would  be  drawn  through  this 
gravel  filter  and  pumped  into  a  discharge  line  to  the  canal.   This  design 
would  avoid  impacts  on  the  fishery,  reduce  transport  of  weed  seeds,  and 
reduce  effects  on  the  visual  resources  of  the  Missouri  Wild  and  Scenic 
River. 

Electric  transmission  facilities  would  probably  be  provided  by  a  69- 
kilovolt  line  from  a  substation  at  the  town  of  Big  Sandy  to  the  pumping 
plant. 

The  canal  would  follow  the  Burlington  Northern  Railroad  line  right-of-way 
most  of  the  way  from  the  Missouri  River  to  the  Milk  River.   The  canal  would 
be  about  12  feet  wide  at  the  bottom,  42  feet  at  the  top,  and  7  -feet  deep. 
A  total  of  35  canal  crossings  would  be  built  along  the  46-mile  canal  route 
to  provide  access  to  adjacent  landowners.   Table  S-1  lists  features  of  the 
Preferred  Plan,  while  costs  and  benefits  can  be  found  on  Table  S-2. 
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Table  S-1 


Features  of  Phases  2   and  3  (Preferred  Plan) 

Phase  2 Phase  3 

Conservation  i  Rehabilitation  , 

(Future 
Without  Condition) 


230  ft^/s  Canal 
(Preferred  Plan) 


Feature 

Rehabilitation  Program 


Pumping  Plant  -  Infiltration 
gallery  design 

Capacity 

Total  dynamic  head 
Infiltration  Gallery  Bed 
Discharge  line 

Length 

Diameter 
Intake  Approach  Velocity 

Canal 

Capacity 

Length 

Canal  Crossings 

Dimensions 

Width  at  Bottom 

Width  at  Top 

Depth 

Canalside  Feature 


Drainage  System  for  Junior  Water 
Right  Acres  along  Milk  River 

System  for  Contract 
Pumpers 


Mitigation 


Line  canals  and  laterals  or 
place  in  pipe 

Repair  or  replace  canal 
structures 

Rehabilitate  drains  and 
construct  new  drains 

Install  measuring  devices 

Replace  Dodson  Diversion  Dam 

Modify  Fort  Belknap 
Diversion  Dam 

Improve  Onfarm  Systems  and 
Operation 


•itO   miles 

Manage  areas  along  Beaver 
Creek,  Nelson  Reservoir, 
Dodson  South  Canal  and 
Lonesome  Lake 


230    ft^'/s 
220    feet 
660'    X  310' 

3,000   feet 
66    inches 
.02   ft/s 


230   ft^/s 
1|6  miles 
35 

12  feet 
12  feet 
7      feet 

Distribution   and 
Drainage  System 


650  miles  Drainage 


Convert   cropland 
to   rangeland   on 
ROW  and   manage 
areas   around 
Lonesome   Lake 
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Table  S-2:  Ccsts  and  Benefits  of  Phases  2  and  3  (Preferred  Plan) 


Phase  2 


Conservation  &  Rehabilitation 
(Future 
WthD'jt  Condition) 


Phase  3 


230  ft^/s  Canal 
(Prefer."ed  Plan) 


Benefitln;^  Acres 

Districts  and  Contract  Pumpers  103, 000  acres 

Junior  Vfeter  Ri^t  Aa-'es  — 

Fbrt  Belknap  Indian  Reservation  — 

Bureau  of  Land  t-bnagecEnt  — 

Mxiicipalities  — 

rtocky  Bey  Itesei-vation  — 

Pri\Bte  Canalside  Irri^tion  — 
Bcwdoin  fetional  Wildlife  Refuge 

Construction  Costs  (January  1987  price  levels) 


Rehaiiilitation  and  BettercKnt 
Construction  and  Rehabilitation 
Chfann  Efficiency  Improvaasnt 
Pjiping  Plant  and  Canal 
Canalside  Distribution 
Canalside  Drairage 
Drainage  for  Lands  Irrigated 
with  Junior  Water  Ri^ts 

TOTAL 


llJ  ,200,000 
63,400,000 
18,603,000 


$101,200,OX 


25,000  across 

24,JJ25  acres 
7,503  a ere- feet 
200  acro-feet 
3,300  acres 
3,243  acres 

15,700  acres 


(Fbunded) 


1)4,000,030 
8,500,000 
7,300,000 

28,000,003 

$38,000,030 


AnniEl  Econotic  Costs 


Construction  KA 

Drainage  tiA 

Interest  During  Construction  (8-5/8$)          t<A 

Cpportunity  Cost  of  Ehergy  !^ 

Q-KcR  (including  ener^)  NA 

TOTAL  AN!^'AL  ECOrJCMIC  CCST 


(Ibunded) 


$  4,529,030 
844 ,030 
399,000 
333,000 
313,000 

$  6,418,000 


Amjal  Benefits 


Irrigation 

NA 

U.S.  Fish  and  Wildlife 

(Lake  Bcwdoin) 

NA 

BLM  Stockponds 

NA 

Lhemploynert 

NA 

Regional  Benefits 

NA 

TOTAL  Annual  Benefit 

tJet  Anninl  Benefit 

B/C  fetio 

Payment  Over 

Repaynent 

30 

Years 

U.S.  Fish  4  Wildlife  Service 

BLM 

Junior  Vfater  Ri^t  Landowners 
Fbrt  BelJ<nap  Reservation 
Canalside 
Private 

Rocky  Bo>'3 
KAI 


$5,879,000 
122,000 

72,000 
159,000 

37,000 


$  6,269,003 
$      149,000 


.98 

Pajment  Over 
40  Years 

fbnreiirbursable 
hbnreimbursable 
$1 1 .55/aa^ 
Deferred 

Q-liR  costs  beyond  ability  to  pay 

paid  by  non-Federal  entity 
Deferred 
tbnrelmbursable 
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Lands  in  the  Big  Sandy  area  presently  dryland  farmed  could  be  irrigated 
from  the  canal.   This  includes  about  3r300  acres  on  Rocky  Boys  Reservation 
and  3,245  acres  privately  owned.   Project  costs  include  distribution  and 
drainage  systems  for  these  lands. 

The  total  cost  for  Phase  3  is  $88,000,000  (see  the  Table  S-2  above). 
Costs  exceed  benefits  by  a  ratio  of  0.98:1.0.   The  major  environmental  and 
social  concerns  are  effects  on  wildlife  habitat,  on  fisheries  in  the 
Missouri  and  Milk  Rivers,  seepage  along  the  proposed  Virgelle-Milk  Canal, 
spread  of  weeds  in  the  canal  area,  and  severance  of  farmlands  along  the 
canal  route. 

The  effect  on  the  environment  was  determined  to  be  insignificant.  (Table 
S-3  presents  the  environmental  effects  in  detail.)   About  16,000  acre-feet 
of  water  would  be  provided  to  Bowdoin  National  V/ildlife  Refuge.   Wetland 
habitat  in  the  refuge  has  been  destroyed  by  salts  due  to  an  inadequate 
water  supply.   This  firm  water  supply  will  restore  waterfowl  production  to 
normal  levels  and  freshen  degraded  wetlands. 

About  300  acres  of  native  rangeland  would  be  affected  by  construction  of 
the  Virgelle-Milk  Canal.   These  impacts  would  be  mitigated  for  by  reseeding 
the  right-of-way  (ROW).   Irrigation  of  canalside  lands  would  cause  the  loss 
of  another  1  ,300  acres  of  native  range.   A  tentative  mitigation 
recommendation  is  to  manage  part  of  the  Lonesome  Lake  area  for  wildlife. 
(The  Federal  Government  ovms  about  TJ.OOO  acres  around  the  lake,  so  no  land 
need  be  acquired.) 

The  infiltration  gallery  design  would  minimize  the  potential  for  affecting 
Missouri  River  fisheries  as  explained  above.   When  flows  in  the  Missouri 
were  below  the  instream  flow  requirements,  releases  would  be  made  from 
Tiber  Reservoir  into  the  Marias  River  (an  upstream  tributary)  to  replace 
project  diversions.   The  flows  in  the  Milk  River  will  not  change 
significantly,  so  the  fishery  would  not  be  adversely  affected. 

One  of  the  main  concerns  of  the  residents  along  the  canal  route  is  tr.at  a 
canal  woulu  increase  se-ps  occurring  in  this  dryland  area  (Table  Z-'A    ;,hr.w£ 
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the  social  effects).   The  canal  would  be  lined  with  membrane  lining  to 
ensure  that  seeped  areas  would  not  increase. 

Another  concern  of  Dig  Sandy  residents  is  the  transport  of  weeds.  The 
infiltration  gallery  design  pucping  plant  would  also  avoid  weed  transport. 
Reclamation  further  recommends  that  a  weed  control  board  be  established  with 
representation  from  the  Kilk  River  Irrigation  Districts  and  Big  Sandy  area 
to  ensure  that  the  canal  ROW  is  maintained  adequately. 

The  route  selected  for  the  canal  lessens  the  impact  on  adjacent  landowners 
by  following  the  railroad  ROW,  which  has  been  abandoned  along  half  the 
route.   Crossings  have  been  included  to  provide  access. 

A  Class  III  cultural  resource  survey  of  the  canal  route  ROW  found 
14  prehistoric  and  historic  sites.   Three  are  considered  eligible  or 
potentially  eligible  for  the  Kational  Register  of  Historic  Places.   Of 
primary  concern  is  the  Great  Northern  Railroad  and  associated  features 
determined  eligible  as  a  Kational  Historic  District.   Other  potentially 
eligible  sites  include  prehistoric  stone  circles  with  rock  cairns  and 
artifact  scatters.   Each  site  would  be  evaluated,  and  determinations  of 
effects  made  in  conjunction  with  the  Montana  State  Historic  Preservation 
Officer.   Project  effects  on  sites  determined  eligible  for  the  National 
Register  would  follow  36  CFR  Part  800. 

Canadian  Reservoir 

As  discussed  earlier,  Canada  may  build  a  reservoir  on  the  Milk  River.   Milk 
River  irrigators  may  be  able  to  lease  storage  in  this  reservoir.   The 
irrigators  and  DNRC  are  discussing  a  potential  leasing  arrangement  with 
Alberta  Environment.   If  the  reservoir  is  built,  leasing  storage  could 
obviate  the  need  for  the  Virgelle-Milk  Canal.   The  planning  of  the  reservoir 
is  a  matter  for  the  Province  of  Alberta. 

Studies  for  Pr.r.se  3  focused  only  on  sfjJccLing  the  best  plan  for  the  car.il. 
Appropriate  documents  (including  NEPA  ccnpliance)  were  prepared  for  Phaje  1 
and  2  by  the  responsible  parties. 

S-13 


I 

I— ( 
X! 


m 

B 
o 
u 
o 
< 


(0 

•H 

u 
o 

w 

o 

c 
o 

U) 
•H 

l-l 

(0 

a 

E 
O 

u 


c 

p 

c   0    t> 

0» 

nj 

tc    *-»     3 

— ■     (M      U 

w.  J5        1 

C 

(R 

« 

&,               ^ 

0     CC            — 

Ct 

<c 

u-     ». 

(0 

-3 

-00   c 

ij    --          oc 

c 

^ 

Ci 

O" 

a> 

OJ            0 

C      CC        •      CC 

<c 

c 

k. 

E      • 

E      • 

k.     0)     u 

0"     >     en 

u 

(C 

QJ 

CO   m 

U       CD 

01    nj    oc 

E    w    c   0      • 
>^        0  -J    « 

(T 

a. 

W-      Qj      c 

0  0  —       -0 

■"-^ 

U 

>s  D- 

>^  a. 

0;      U    .- 

^-  lr«    i-«  *— ■    0 

c 

u 

U      0      L. 

0.         to    0  ■— t 

iJ 

u: 

C- 

—    — 

—    -D 

O.     C     3 

E       -    > 

>-. 

z 

« 

CO     c 

q    01 

—  -0 

01    tn     u     oj   — ' 
jD     O'    cr     to 

i/^ 

CC 

u     u 

u    u 

(0     t^     01 

Of    0    en     CO     u 

r«. 

C      01 

C     tt 

c  —     . 

ij    •<->    0»     O'      3 

— 

E 

O)    — 

01    w 
cr.     0 

E     (J    C     C 

tr   0           (J   — 

.^ 

« 

V.         k. 

m     u 

ec     K     t    — 

C    <J      0      C      3 

c 
u 

lA 

tiJ    c- 

u2  a. 

tr,    0    C  " 

c  —    ^   >-    <J 

0 

1 

0           01    tn 

QJ 

C 

C    0     u 

—                 IT,     Xl 

> 

« 

CO    sO     3 

0    to     c 

—     CNi       U 

<—.*-■     0)  -^^ 

oc   — 

c- 

er 

R 

C-                 W 

0        l- 

*c 

c^ 

« 

•    ■— .    cr. 

0)     tJ    ^ 

Ji£     c 

-c 

•C     0    C 

ij  ^    c    to 

—      (5 

Of 

0) 

0) 

0)           0 

C    XI    ■—     u 

—  iO 

u 

£       • 

E      • 

u    o>    u 

01     tc              3 

3:1 

u 

CC     c 

u     tr. 

E   — 

1    1   W. 

Ot 

v'      CC 

e    « 

Of     (0     DC 

>^ .-     .  — 

frl-^ 

w^ 

— 

<— • 

*—     O'     c 

C     tc     cr     3 

«r^ 

Oi 

S-,   C- 

>.  C- 

OJ       U     ■- 

^    >    c    0 

—  1  i-. 

U       U       k. 

c  <c    0  — 

«il 

c_ 

—    "C 

^    -3 

O.      C      3 

E         —    u 

CC       t' 

c    0 

0  0    w    oc 

« 

—     ■— 

■  —    u 

cr 

xD      IC      tc 

•-*  10 

CC 

u      u 

•-*    u 

to    *j    0 

w         > 

> 

1 

CM 

c    c 
c.  ■— 

C     0/ 

cr     C- 
cr,     u. 

4;     0      G.    C 

e   u  c   c 

to    >:    0  ■- 

w      -    u   0 
■--     tr,     01    <■ 
tn   Xl     (T 
c    0    c^  ^ 

r^ 

t/: 

u:    c. 

l;  d- 

tn    CJ    c^  *-. 

c  ■-*  u    c 

C; 

1 

e 

1 

V 

3 

1 

« 

c 

1^ 

.^ 

• 

Wri 

i_l 

0. 

>.    u 

-C 

l- 

~ 

>. 

0 

en 

0    c 

CO 

c 

r     I           CO! 

(_> 

• 

C- 

0. 

jD 

c 

k. 

0. 

>x   u   0    (C    tr. 

0 

Cfl 

-^ 

:; 

>-. 

^ 

c 

4J 

-^ 

— 

T3      C- 

0    3  r--           01 

Xi 

<3 

tt 

X)       V 

CC 

-c   -0 

oc 

c 

—    «c 

<c 

0      CC      >^ 

c 

^      V.               >.  DC 

Of 

c 

C 

_~ 

c 

• 

c    c 

c 

(=      c 

u 

.-      U    — 

-^ 

to 

D.   *J        -  J£ 

cr. 

CC 

Ci. 

t:    DC 

W     w 

c   — 

>/- 

u 

::     CO 

•u 

U      OJ     ^      3 

u 

E     IT.     v.     (J     D. 

CO 

lU 

flJ   -c 

C    — 

3  — 

01 

n;     u 

01     1-     tr,      cc 

0) 

3 

01      C    JD      C     CD 

0 

^^ 

1 

13 

—      ft 

0 

t; 

-c 

0) 

D.    u    C     cy 

<A 

U 

0    c   q:    c 

u 

CD 

I    (T. 

C 

cr.     I. 

HC     > 

U       L. 

0 

>. 

0 

C     E    -- 

0] 

0     u   -— 1          JC 

u 

u 

1-^ 

l~ 

c  -rn 

<t    k. 

c    *^ 

c 

<SJ 

E   ^ 

c  —         c 

Oj 

e    • 

^               c  — 

c 

3 

ri 

u 

u 

U      C 

**-    c 

0 

5 

0 

0          -  ^ 

V- 

U       V. 

-«     oc  0    *-!     0^ 

k^ 

4-< 

•_! 

C 

U    u^ 

V     *-< 

0 

•  ^ 

t-    T) 

T3 

—     C     CJ    u 

u 

01     tr. 

05       C     OD                (C 

— 

<n 

>    c 

—    (J 

T3        • 

<—      OJ 

c 

^     0    — 

0) 

w     0 

C   — '   —    ot 

3 

1 

0^ 

CC 

m    — 

<c 

tc 

C     <r. 

to 

0   -«      0.  t3 

cr. 

T3 

01-       —  1-1 

CJ 

0 

u 

E     I 

u 

m    E 

01    -- 

3     w     C     C 

01 

00 

3    "-    Xl      U 

IE 

r-> 

a. 

-     QJ 

«--  -0 

iJ 

«c 

oc   0 

oc 

U      CO      0     <0 

i-l 

C      C 

ij    T3      0     CO      0 

c 

u 

CM 

«:   — 

-0    — 

C      CO 

•    u 

<a    u 

c 

ij    ^      a 

*-» 

,c 

0     0 

u              —  u. 

c 

oC 

u-    n 

flj    ._ 

0<     Oi 

c   oc 

a.  i~i 

m      3            ^ 

c 

oc 

01     *J     c    ■- 

<0 

c 

-0     E 

\u 

E     0 

Of     c 

c 

c    0.  0  -- 

3 

i_i 

U     C      0      CO    -D 

4J 

(T-      <5 

--     1 

0   0. 

c 

OI    0 

■  ,4 

0     0    0-^  ■- 

0 

r— • 

«-.       CO 

■-H          QJ      .^          >          C 

CO 

u-\ 

—      U 

>   — 

C-       CT 

"* 

c.  c^ 

t/)     u 

"^ 

0     C  rM    X 

U 

v^ 

0    — 

c:    E    "-i    «:    CO 

> 

■^ 

I—     u 

c 

CO 

0    to 

1 

1 

0 

U 

-^ 

OJ 

01 

3 

<J 

>^ 

>N 

?^ 

3 

o;     >^ 

0- 

1 

1_< 

"C 

•c 

•0 

•      u 

'M 

cr      I 

to 

0 

t. 

en 

Li 

<t 

c 

c 

0   C 

5 

to  0      • 

C 

O' 

0) 

ja 

*-l 

« 

t; 

Q 

(y  —  T3 

<r     c 

1^ 

0 

m 

-M 

t^ 

V, 

cr. 

to 

c        00 

01 

t-        0 

c 

rH 

0     _ 

■  — 

•— > 

c 

3 

0      ^     (Nl 

c 

u    oc— ' 

CO 

cr.             u     CO 

CT 

0 

■  ^ 

0 

c 

CO 

oc 

M 

--3            -D 

.,. 

C     C      Ui 

u 

■^                  E 

c 

0 

u 

^ 

j: 

0 

■  ^ 

•  ^ 

•  »* 

fcj    0    u    c 

^4 

►-.    .^      01 

OJ 

3 

w-      c              CO 

c 

u^ 

(C 

e 

c 

ca 

to    ^      CC     U 

u 

u    cx 

« 

00          0    »- 

M 

»_, 

^^    to    0)    u 

0) 

3 

tq 

u 

1^ 

<M-I 

CO 

t  3 

u 

c 

c 

c 

3              >v   ^ 

13 

--^  -c    c 

O' 

E      • 

C     •-'             .-i    — 

(J 

0 

01     • 

a: 

< 

0.  u- 

—  1       0 

U 

!->     cn 

c                 c   ^ 

OJ 

>^  -O 

it 

0      0      >x  — * 

c 

0;  .- 

u 

01    tn 

■  H     ,-^                q;    -^ 

4J 

1    0 

1 

u 

0 

CJ 

0; 

01 

Q.          .11     OJ 

0 

•    ^^     i-i 

ot 

ij     0 

i-i     to           E     3 

•fM 

c 

0  "- 

3 

Z 

bC 

u 

00 

01          U 

•  •* 

ft>    o.   0 

•D 

>     •— • 

CD      (J                >, 

■o 

ot 

—    u 

(N     *J 

c 

c 

c 

--*     tr,     i_.     — 

3     0      3 

oc 

3     -             0     <r 

E 

0' 

— 

u 

«c 

V 

« 

— *      CO      c      u 

CO 

c;    0^    1- 

j_i 

c    c 

C     U          ^    c 

^4 

>> 

00  c 

<y   u. 

0 

£    • 

^     • 

J3       • 

co      01     <L'     0 

^— 

■  r^    a.  «^ 

.C 

0    0 

—      0              D.    0 

to 

0 

c 

«  N^ 

U     (0 

u      « 

u   ce 

t-.      U      U     ^-i 

3 

u            en 

oc 

i-i    ^           E   — 

X 

3 

—    c 

c 

0) 

Oi 

a; 

Oj     U     u     n 

Q. 

c  0    c 

iJ 

C     en             01    «-< 

00 

c 

cx 

u     0 

i 

0    u 

C     u 

0    u 

>     C     OJ  •« 

0 

000 

,~t 

vu       CO 

0   ■-              C      CO 

■  H 

c 

E 

3    ■- 

a. 

z    <c 

Z      CC 

SL      IQ 

0  —    o-  = 

a. 

u  —    u 

to 

0  — 

U  J=         •=>    > 

X 

< 

01 

-0   *J 

IT 

C 

■"■ 

-0 

c 

c 

■- 

«*- 

0                CD 

c 
0 

Q 

<c 

0 

L^ 

0 

c     t- 

01  -a 

3 

O)      CO      3 

4J 

I.    c 

■0     u 

« 

U 

■0    c 

-0   Xl     t- 

c 

«     9 

Oj     0 

u 

c   0 

c     u 

O' 

•c 

^4 

0    c 

u 

0    to 

0.  .- 

0»     3      C 

E 

c 

>.    >> 

3 

3 

V 

U      t-J 

>. 

(0 

c 

T)      ^ 

O.    01 

(J 

CC        Ur 

u     ct 

«->    c: 

0 

a 

tr. 

O' 

C    73 

<z    oc 

tJ 

<u 

0.      « 

^^ 

.-      01 

^- 

m    to 

c 

01 

CO 

C      k. 

0 

0* 

OJ    w     - 

— ■          c 

0. 

c 

0 

41 

Ul     >^ 

jc:    0 

3 

0)       >s 

o>    CO    a 

03     «    .^ 

E 

>s  j«: 

■" 

u 

Q. 

0 

0 

0  -0 

u    u    0     • 

U      0)    -- 

01 

0  — 

a. 

—      C 

-o 

-a    «5 

01 

Ui 

c 

0)      CO 

^  ■--    a  Of 
1-         c 

--^    tn    0 
U     to      OI       • 

c 

3 

m    0) 

CO 

> 

03      CJ 

CJ 

4-<        >% 

c 

,^ 

c   v: 

^    0  —  — 

0    a*  -0    « 

>s 

u 

so 

e 

4_t     •*- 

3 

« 

^     *_i     <0    -^ 

fcJ      U                CD 

X 

^   >-> 

01 

C)     V 

u 

C        CO 

0 

C 

—      60 

U       0>      U       (J 

CD       CJ     t)       4; 

oc 

u    u 

en 

X      u 

c 

cx   at 

c 

« 

<C    — 

3    -^    3    a> 

■'^     c     c    u 

0   0 

V 

(-    a. 

CO    — 

^ 

0 

U?    DO 

oc    X     U    T3 

X    —      to      CO 

X 

0:  u. 

CC 

■0 

V 

e 

«  "- * 

-0 

0 

u 

B    ^^ 

<B 

w 

c 

u 

0 

0      « 

01 

0 

c 

fc-     C 

u 

01 

CI 

0     « 

c 

01 

u 

e 

<e 

U 

m 

0«  — 

« 

>\ 

u. 

e   >> 

U     EC 
U- 

•0 
c 

0) 

3 

a    (0 

0.  c 

Of    « 

0)  0 

0. 
0 

0 

•-C 

0. 

6 

S-14 


+j 
c 
o 
u 


I 

en 


X5 
(0 
Eh 


1 

^ 

*j    (_' 

— — 

—— 

•    ftl 

c 

3     *J 

ft; 

[        —  ^ 

in 

w-     o 

c 

XI 

u  OO   V>    i-* 

CO 

O    JD     DO 

to 

1 

-O      3       • 

ft) 

CO     c 

-4 

T)    -- 

•0 

0)     U    ^     kJ      O 

i-J 

0)            — 

C>- 

ftl  t: 

^^ 

k.     w   «>     D     *J 

tJ 

CJ 

E    j:    3 

U    T3 

c 

K 

w     tn            O 

c 

ftl 

O     *-)     u 

•3 

U      CD 

3 

C 

OJ     C   **-    JO     00 

u 

O      -      «J 

41 

ft) 

1   (C 

c 

■--<      O     O     (0      c 

.ri 

C     3     u 

u> 

tn 

w-     0 

cr 

tJ 

(C 

QJ        U                             — 

CO 

C 

._            q] 

4- 

LJ 

4'    00 

C 

, 

« 

£1- 

&,     *-;     OC    *-<      k- 
Q.    C      -      U 

3 
C 

■"• 

— '      C      C 
CO      O     O 

4' 

c 
3 

a. 

ft' 

■0 

ft) 

H 

C 

O     ftl  --     5     u 

C 

■o 

0    ft) 

3 

i_i 

*- 

UJ 

i-i      U     C              ec 

CO 

c 

3    w    — 

D, 

0      • 

U     u 

i_i 

to 

z 

K      k-         - 
U      ft)     CC      c      C 

ft) 

^ 

*-'""'    "^ 

, 

er 

ft) 

K 

U      ft) 

er 

■0 

c 

i.r\ 

CO            COO 

ftC 

1_« 

"3  e  E 

en 

CO 

t~i    w 

Q 

— 

E 

r-~ 

ftJ 

(0 

u 

u 

ft) 

c  — 

to 

E 

_^ 

■--    c    c   —   — 

XI 

u 

4 

— '    CT^    (N( 

j3 

ft; 

4      3 

—      C 

c 

0 

E      CO     O    — '    — 

'« 

ft' 

k. 

u 

--J 

e 

U     CT 

E    tc 

0 

u 

> 

M   vXl     CN 

to 

K      ft) 

(J 

15 
C 

V5  cl.  ^   e   E 

(- 

< 

-3 

<C     V>    V> 

H 

c/; 

C     i- 

W    D- 

t-l 

c 

u 

C      f      "3      1 

C 

<0      C    ■-      3 

-o 

^       0 

CC 

w 

—    k.    3     u 

ft) 

3     *-) 

Of 

c-    tc           u 

cr: 

u^ 

0 

c 

Cl. 

> 

ft;       -     u 

CO 

O 

X3      M 

c: 

-c            C     fZ 

ft) 

•0      C 

-^ 

TJ    — ' 

CCi  — 

0.1     C     c 

u    w 

ft' 

c- 

ft)     t3 

1    fC 

I-     O  ■-     c 

L)      U 

E 

-C      3 

U      C 

j«:l  c 

i_    -  —    o 

C      ft- 

O 

4.'      k. 

T3 

u     0 

41 

—    (c 

ft>   JJ  —  — 

■—      l- 

fj 

■--      U 

4) 

4*   ■- 

X 

■-  (_; 

U-.      u   .-    — . 

--- 

c 

3     U 

u 

cn 

r 

ft)     3     E    — 

— '    -3 

■■— 

to 

u 

4J 

at  .- 

-a 

1   1  cr 

CO      C 

ft; 

u-  -3 

Of-~~. 

cu    ^  a-    E    ft' 

3    ■- 

— ■ 

c    c 

wj 

c 

CU    TJ 

3 

-^ 

-fl- 

(T.         •               XI 

C 

<0 

0   0 

4' 

r 

Q 

c 

V 

O     C    ir.    r- 1     -J 

c  -a 

u 

u 

0 

3 

li.|w_ 

4-1     o  */>      •     l- 

H!      C 

3 

&. 

t^ 

^    0 

C3 

OO    1 

U            r-j    t— 

CD 

4~J 

—•    — > 

*/^   -c 

O^ 

tr. 

^-lo 

U            w-    V-. 

ft) 

ft' 

V- 

i-l 

/-, 

cr    i--    c          o 

Of    *-- 

2 

E     E     m 

to 

tc     *-> 

c 

§ 

>     (Nl 

— '      C-            *--     i-. 

CO      u 

u 

0 

C-  ■  — 

—    c 

4) 

E 

—     ft     tr.     r 

U       ft' 

\D    OJ    Xi 

ft' 

4      3 

._.      CJ 

0 

1 

E     tJ     «    0     oo 

ftJ      u 

l_ 

•       •    .-^ 

H 

<J     C 

E     U 

3 

u 

—    X    c  x:    c 

>  — 

bt 

r-^    fNJ     u 

(0 

K      4 

■-•      K 

4-. 

tj 

4 

VD     ft     -     (^    ■-• 

<  -u 

to 

</>  v>    H 

(/: 

ft'      k. 

to     ft; 

""' 

to 

^ 

v 

ft! 

<c 

bC 

m 

—            -o 

t: 

1 

^ 

C      ftp            w,      o 

CO 

0            ^ 

ft" 

c 

0 

c- 

■-   ^           c    *-» 

ft) 

3 

0 

E 

^^ 

c 

u 

t- 

i-l 

ft'             0 

-^ 

■--    c 

E 

0^ 

f^ 

c 

r   -3    c    c    ft' 

u 

(J 

E    (N)    3 

CO 

3    c 

4'    — 

C 

t5 

C 

— 

■^  —    c    c    r: 

c 

a; 

0      • 

c 

cr  ■- 

U       CO 

oc 

<J 

c 

<c 

c- 

3    —    •-     i- 

•  r- 

i- 

fj    r^    JZ 

tr. 

0 

4)     w 

—     fcj 

c 

0 

V 

0 

t_> 

0-     0    —    --     U 

■  ^ 

C   V>     u 

ft) 

■  -^ 

U      u 

tn     c 

■  — 

0 

•c 

-«■ 

TT 

OC    ?     —    —     O 

-a 

Xi 

t-> 

3 

05       ft' 

u. 

<-) 

U-. 

ft; 

c         -^    -    to 

CO 

c 

.     — 

.^ 

4'    -3 

3 

u 

0 

..ri 

--^ 

u 

■-   c  E  e 

3 

■  -- 

--    C    3 

u. 

■0 

4-)     1-) 

u 

•3 

c 

r. 

l-( 

■3 

-1 

u 

CO                 -o 

C 

CD      0 

H 

T3 

— -     en 

D.  t; 

0 

•3 

fti 

u   ■—    CC    r^    — • 

C 

T? 

n 

c    c 

c 

tn 

<z 

« 

u^ 

u^ 

<B     tJ       .       .      D 

to 

C 

3    — «     0 

0 

3     0 

■0    to 

ft) 

J-l 

C 

ft; 

1 

C 

ft)    u  vc   rj    o 

CO 

i-j    ^^ 

i~> 

0 

U 

4; 

•  r* 

u 

4) 

0       tB 

o 

u 

3   v>  t/>     3 

ft) 

—  .,^    c 

NO 

OC 

oc    -- 

3 

0      i-l 

*-~l 

D- 

LJ          U 

en 

Ui 

i-l 

3     E     0 

ft) 

C      6C 

to    « 

■  r* 

u 

L) 

-^ 

—    c 

r-j 

•—^ 

u    w    i-»    i-.   x: 

ft" 

CO 

(J 

(J            ■- 

3 

i_< 

■-    c 

4)     U 

^^ 

i-. 

-.• 

-^ 

4. 

ft)     oi      3      3      u 

XI 

i- 

ft' 

..^      (-sj      •»( 

V-> 

3 

tt  -w 

U    ■-- 

« 

4)  t: 

u     C     o     o  ■- 

■  ^ 

4) 

u 

U         •     -- 

u 

0 

3      l- 

u  -c 

(J 

c 

«u 

u 

tj    3 

—     O    XJ    XI    J= 

u 

> 

-M 

OC  CC    "- 

L) 

XI 

0      3 

C      4) 

to 

0 

3 

c 

to    w 

O     u    («    03    5 

H 

< 

•o 

CO  CO    E 

(0 

< 

JZ    T3 

—     E 

*** 

u 

tn 

w- 

t:    tc 

c 

u 

(J 

C 

-c 

o 

a:     >,  O 

3 

i_) 

■  ^ 

tz 

■  r- 

—•        •— ■  j;  o 

u 

(J 

c 

— 

-c 

n 

>% 

i~> 

ft) 

—    0 

ft>             -3 

c 

0 

*^ 

ct 

■r-     »o     O     4)   r-J 

.— • 

en 

L.     lu 

CO     — 

1-        -      C 

._i 

0 

c 

«^ 

3     C    -O     w 

c 

c 

*-.       -       0 

u>    — • 

--    c    ^ 

3 

c 

•  r<     1-1 

o           tC    t- 

o 

O 

3    -0 

3     — ' 

n3 

3      C'      CO 

0 

ft)  -- 

0 

-3 

.^ 

3 

*— s 

G;    .^      u      C      CO 

u 

0     C      en 

TJ    T3     *-•    — 

C 

cr  ■-  " 

^ 

U     10 

or 

^^ 

'J 

C 

C 

E      i-»      C      U      ftj 

>. 

Xi    t—     M 

c 

ft)     C    •-'     E 

0 

4'     .-'      0 

3     «-• 

c 

0 

u 

^ 

-C 

c 

O    «o    ft;    cj    >. 

Xi 

OC 

tc          c 

0 

er.     CO     3 

t-     "J     E 

-^ 

to    C 

■  ^ 

0 

« 

<r. 

« 

i-l 

U     C     U     c 

c 

€0            0   w^ 

i-t 

3      E 

3 

tr.      4) 

u 

J= 

.^ 

1_( 

C                  U     ■—       >> 

u 

—  1 

■  ^ 

ftl      -     c 

— . 

ai    ij  —      • 

■  ■~> 

tn      U      0 

. 

4)    -U 

3 

u 

0 

^^ 

ft) 

:x 

(J 

—    3    r         XI 

o 

l^ 

XJ      C      U 

^— 

U       U       U     OD 

-0 

*-i     i_i      (J 

to 

en 

t- 

•0 

c 

CP 

t-l 

CC 

cc 

< 

O  u  — 

3 

0      CO 

<_)     ft)     oc  </> 

•0 

■«     <n     u 

ft) 

en 

0.  -:3 

0 

c 

ft) 

CO     —             ^     w 

u 

tj 

■a 

■3  ■'-    ft) 

E 

C     1-.     to 

to 

C      C      ec 

u 

ft) 

c 

tr. 

i-l 

to 

0 

1 

k. 

o 

tJ     ft>          ■—    c 

ftj 

c 

^-    -J 

.-  .-.        1^ 

3      C 

to 

u 

■0    «c 

4) 

.-« 

c: 

41 

2 

—    XI       •     3     ft) 

en 

ftJ 

ir 

tNJ 

■u    *->    0 

0 

u    c 

l-» 

4) 

u 

ft- 

*~l 

fN 

4-) 

CL              ft"               U 

(J 

DO 

0   --      CD 

</> 

4)             (J 

fNJ 

DC        x: 

1_( 

oQ 

(T    -- 

4_1 

3 

*-> 

..M 

D 

u 

Q      C     OC    ft)     U 

t* 

u 

c 

3     E     C 

60  — '     ftJ      4) 

C      6C 

u 

CO     a) 

-.4 

u 

u 

■  .^ 

•3 

ft) 

U- 

O 

u  •—    «    E    ft) 

CD 

ft) 

0 

to     «0     U     E 

._.    c  -0 

ft) 

ft; 

41     u 

•3 

IS 

^^ 

oo      U     O      D- 

o. 

c 

C    r^   -^ 

3 

1-    3  -^    c 

3 

«  ■—  ^J 

•■-> 

3 

^ 

er 

w. 

.^ 

<D 

ec 

u.  e   ft.  u 

t-i 

u. 

0       •     « 

0 

4-    c  t:    u 

0 

3     1-3 

0 

■0 

(J    T3 

D 

c 

•_-< 

(J 

x: 

ft)    OJ    >     c   o 

3 

U-1 

(0 

--J      {-^J        (U 

X) 

>    c    c    c 

XI 

0     3      C 

u. 

c 

C      ft. 

o: 

0 

3 

to 

0 

c- 

a-    u    51  .—  nd 

Xi 

m 

UJ 

*-i    *rt-      u 

to 

<     eo     "^    ■-« 

< 

jz  -0  U 

c 

3 

-'     E 

U-. 

(J 

C/) 

»— 

tn 

tr 

O           XI 

OJ 

tL. 

t-  O 

3 

ft)      (D               1 

CD 

3            -O              a 

ft;  (^ 

C 

oc 

ft.      &C 

u     ft'            E 

U 

ft)             C 

t^ 

■    -Hi 

4) 

c 

u-i      >      C 

—      k.      4)     0 

3      4 

hM 

•— ' 

b^ 

u     ft;    N          -^ 

to      k^ 

(0 

>      CO      u      (J 

U     i-i 

0 

to 

C       CO     --M       U       (1> 

ft' 

>    a; 

c 

k.    ft) 

en 

I—     er 

u 

1-              3 

CD 

(J 

3     e» 

Ol      CD    — .      Qj     Xl 

c* 

> 

o 

4J  e 

3 

ft; 

ftp     --      *_.       QJ                —• 

**^     i-l 

c 

CJ       ft) 

-O    XI    ■-    Ci, 

CO 

4'      O 

(J 

>  0 

0 

0     C     w- 

1^ 

tn     CO     3    Xi     0     CO 

0  tn 

c 

-3 

■—     (J 

C            XJ              ft) 

CC 

•D      (J 

x: 

.-      Q. 

eO 

C    "-<            u     u 

ft) 

v«      C 

c 

ft)   --    (0           E 

ft' 

q    1^ 

-^ 

to    C 

ft)   x:     E 

:« 

>^    CD           -0             3 

—    41 

ec 

E 

w-    a 

ft' 

Q.    CO     »J       .     O 

> 

U      O 

*-.    w     0 

T3      U    "D    —      ftJ      l- 

CO    J= 

<r, 

flj    I-    en    c    <j 

CO 

ft) 

.^ 

C 

0 

<o  •-    u 

\^ 

3              C      3      3 

W     *-) 

> 

-3 

TJ      « 

fti 

-O      3              C     C 

>      en 

3 

to    c 

CD 

w    3 

ft) 

u    -a      to      0    13    TJ      cn 

0 

c 

t 

w     «.-.._ 

CO      ftJ 

0 

cr- 

> 

LO     C             JZ              41     u 

0.  c 

u 

to 

en    T5 

X 

Cl. 

m   — «  .-    *j 

CO 

oc 

*j 

ft) 

>^    tJ      ft) 

■-- 

(0     i-l     tn      ftj     n    -.^ 

>^  •— 

0. 

4) 

ft) 

.^3            (0     CO 

c 

^     CO 

c 

>   tJ 

U     C    — 

a: 

>^          C          --     ®     E 

LJ 

u    0 

U    J=      C«    «-» 

0 

CO      *J 

ft) 

to    u 

**-. 

c     4;    tJ 

--    tn     4)    CD   JS     4)     0 

m 

X 

CO 

4 

flS    —     y   ._    .^ 

3      l- 

u 

J3      CO 

0 

cue 

j£ 

a.  T3      *-      ftj     to     U     C 

CO     <0 

u 

> 

> 

ft)     U   .-.     u      Q. 

C      O 

u 

D. 

U     I-      3 

CL    C      U     iJ      U      Q.    0 

«.'      ftJ 

u 

I-      4) 

CO 

>-      M  x:     U     Q) 

CO 

c  j: 

ft) 

0    6 

en 

«3      4;     0 

..^ 

3      to      3      CD      to      GJ     U 

u     u 

X 

0 

ft;    3 

u 

<     05     3    —     u 

c 

<    en 

a 

*j  --H 

< 

>      D-    0 

r 

lA)    — «    U      U      CL  T3      4. 

<      <D 

3 

en 

«   -0 

" 

oc 

— r? 

C    C          — . 

c 

—      O             CO 

to 

^ 

D     i~>     n      - 

CD 

4;     (0 

o 

O     U     3     u 

'-^     3     C    — ■   .^ 

<J 

I-     C      3     ft) 

bC 

CC 

Of    *-*    <     u     E 

c 

1 
1 

u. 

E    <n          ■--    c 
O     C    -O     U     o 
U     O     C     DC    c 
C    U     <B    <    *- 

3 
0 

—    > 

U     V 

K     to 

I 

_ 

X 



tl- 

S-1' 


-p 
c 
o 
u 


I 

en 


Eh 


1 

1 

ITS 

t: 

_^ 

■^ 

c 

« 

4>^ 

a 

C    '-' 

<B      C 

Vh 

U      <B 

0 

Uri 

0 

SO    C 

v. 

c    0.     • 

«    0    cc    c 

'I      C 

m 

<U              CO 

t-i    Ui 

0 

u    -0    Ji    — 

**-  z 

u 

U       CJ     — «      iJ 

I    ^-' 

c 

V     LJ      01     « 

ir\ 

—    c 

a   oa    > 

(Z    -- 

0     DO           V- 

_> 

u^   -—     ij     <y 

C    — ' 

r^     u     u     <n 

, 

c    ■- 

-    u     0     0) 

«B 

<     E 

c^  —  u.  oc 

S 

U 

u 

u 

c 

> 

<D 

\r\ 

a: 

_ 

&. 

re 

u-^ 

^ 

C 

0 

t: 

(^ 

OJ 

•-IU 

Vm 

u 

2:1 

c 

u 

I    1  tr. 

OJ 

aK 

tr. 

l^ 

—  n 

u 

<D 

Cf. 

u 

olw- 

C 

c- 

00  1 

L» 

u 

— 

C 

V. 

—    c 

t^ 

> 

r>t 

c  — 

01 

1 

c    — 

e 

c    -- 

<5 

r-1 

<  e 

cr. 

(T. 

<r 

c- 

-0 

—     C 

c 

a:     (t 

^£■ 

CD 

<// 

S    a. 

■0 

CJl 

w-              c 

c 

0             (C 

cr.     0.' 

i^^      U 

(R 

<r.     C     CI.          m 

n.    c 

ct    0    «    «    c 

<n 

u           C  -       0 

1*-     w 

u   -0    J<:     >.--- 

I        <L' 

1          u 

CO     4J    ^     0     *-< 

0      U 

c 

u    c*  CO    p; 

f-(     C- 

—   0 

0     CO    CO             > 

rsi    ^— ' 

CB    -^ 

ij->    00         >.   1- 

—  ■--    4-»  jk:    c 

C    — ■ 

-    u.     L,     u     tr 

) 

C    ■- 

r-i     u     0    0     <U 

1 

<  e 

»  "^   [ju   a:   cn 

o 


< 
— 
z 


— •     3     >     C  '- 


c   <    o-  u 


S-16 


Implementation 


The  Milk  River  irrigation  districts  are  implementing  Phase  1  of  the  plan. 
Restoration  of  St.  Mary  Canal  will  be  complete  in  1991. 

Phase  2  is  being  completed  under  Reclamation's  "Rehabilitation  and 
Betterment"  (R&B)  Program.   Reclamation  is  completing  R&B  studies  for  the 
Malta  and  Glasgow  Divisions.   \Vhile  the  Montana  Department  of  Natural 
Resources  and  Conservation  is  completing  similar  studies  for  the  Chinook 
Division  and  Dodson  Pumping  Unit.   The  R&B  Program  for  Malta  and  Glasgow 
Divisions  could  also  be  funded  as  part  of  the  R&B  Program. 

The  R&B  study  for  Chinook  and  the  Dodson  Pumping  Unit  could  be  funded  under 
Reclamation's  Small  Projects  Loan  Program  or  from  a  State  of  Montana 
program. 

IsTiile  implementation  of  the  R&B  phase  of  this  plan  would  provide  a  partial 
solution  to  the  water  shortages  in  the  basin,  Milk  River  irrigators, 
Reclamation,  and  the  State  are  seeking  a  complete  solution.   It  is  thus 
proposed  that  the  three-phased  plan  be  authorized  as  part  of  the  Pick-Sloan 
Missouri  Basin  Program  (P-S  MBP).   Phase  1  (creation  of  Joint  Board  of  Control 
and  restoration  of  St.  Mary  Canal)  should  be  completed  and  funded  by  the 
project  sponsors.   Phase  2  would  be  completed  under  the  Rehabilitation  and 
Betterment  Program  and  integrated  into  the  P-S  MBP.   Phase  3  would  be  planned 
and  constructed  by  Reclamation  and  integrated  into  the  P-S  MBP. 
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CHAPTSR  1 :   INTRODUCTION 

PURPOSE  AND  SCOPE 

The  water  users  in  the  'Ailk   River  Basin  experience  severe  water  shortages.   The 
purpose  of  this  study  is  to  aeteiTnine  the  best  way  to  alleviate  these  shortages. 
The  preferred  plan  is  a  coEjbination  of  water  ccnservaticn ,  inproved  water 
manageirient ,  and  an  increased  water  supply. 

LOCATION  AND  SETTING 

The  Milk  River  rises  east  of  the  Continental  Divide  at  the  confluence  of  three 
streaiLS  on  the  Blackfeet  Reservation,  flowing  216  miles  through  the  Provir.ce  of 
Alberta,  then  reentering  the  United  States  in  Hill  County,  after  which  it  flows 
another  ^190  river  niles  to  its  confluence  with  the  Missouri  River  (see 
frontispiece).   The  Milk  River  drains  an  area  of  23,300  square  miles,  of  which 
15,521  square  miles  are  in  the  United  States. 

The  climate  of  the  basin  is  semiarid  with  hot  s'jmmers  and  cold  winters.   The 
frost-free  season  varies,  averaging  about  126  days  per  year.   Annual 
precipitation  ranges  from  12.5-1^  inches.   Approximately  50  percent  of  the 
precipitation  occurs  April-September. 

Agriculture  is  the  basis  of  the  economy  in  the  llilk  River  Basin.   Over  135,000 
acres  are  presently  irrigated  from  the  mainstem  of  the  Kilk  River.   Most  of 
these  acres  are  served  by  the  Milk  River  Project,  one  of  the  earliest  Federal 
irrigation  projects.   Facilities  of  the  project  include  Lake  Sherburne  on  the 
St.  Mary  River,  St.  Mary  Canal  which  diverts  water  from  St.  Mary  River  to  Milk 
River,  Fresno  Reservoir  on  the  Milk  River,  and  N'elson  Reservoir,  an  off  stream 
storage  facility.   The  Kilk  River  Project  includes  three  divisions.  The 
irrigation  districts  within  each  division  and  the  diversion  facilities  and 
canals  are  as  follows: 
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Division/District  Diversion  Facility  Canals 

Chinook  Division 

Fort  Belknap  District  Fort  Belknap  Diversion  Daa  Fort  Belknap 

Alfalfa  Valley  District  Fort  Belknap  Diversion  Dam  For't  Belknap 

Zurich  District  Fort  Belknap  Diversion  Dam  Fort  Belknap 

Paradise  Valley  District  Paradise  Valley  Diver.  Dan;  Paradise  Valley 

Harlea  District  Two  Pucping  Plants  Harlea  Canal 

Malta  Division 

Malta  District  Dodson  Diversion  Dai:         Dodson  h'orth 

Dodscn  South 

Ilelson  South 

Dodson  District  Dodson  Diversion  Dan         Dodson  North 

Glasscv.'  Division 

Glasgow  District         VandJilia  Diversion  Dam        Vandalia 

Most  irrigated  lands  are  on  the  level  floodplain  and  terraces  in  the  valley,  but 
soae  are  located  on  rolling  glacial  uplands  and  on  gently  sloping  alluvial  fans 
deposited  by  tributary  streacs.   Soils  are  typically  aediun-textured  near  the 
river,  and  finer-textured  av/ay  from  the  river.   Kuch  of  the  floodplain  is 
underlain  by  stratified  alluvial  deposits,  v,'hile  the  gravelly  well-developed 
soils  of  the  glacial  uplands  are  usually  underlain  by  glacial  till. 

Several  large  seeps  evidence  drainage  probler:;s  on  the  Milk  River  Project. 
Drainage  is  complicated  by  natural  levees  higher  than  farmland  further  froni  the 
river.   The  levees  inpede  natural  surface  drainage,  causing  ponding  and 
consequently  complicating  subsurface  drainage. 

Although  irrigated  agriculture  is  the  predoninant  land  use  in  the  valley, 
riparian  and  other  wildlife  habitat  is  conmon  in  the  area.   The  river's  oxbows, 
sloughs  and  extensive  canal  systens  support  substantial  riparian  areas,  with 
interspersed  croplands  providing  excellent  diversity.   Seepage  from  cany  of  the 
canals  has  allowed  the  creation  of  \.'etlands  not  present  under  natural 
conditions.   Vegetation  along  the  waterways  is  primarily  a  grass-forb  mixture 
with  occasional  concentrations  of  rose,  willow,  buffaloberry  and  scattered 
Cottonwood.   Upland  areas  away  from  the  river  are  largely  rangeland  and  dryland 
cropland. 
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The  r,ilk  River  Valley  supports  lar^e  nuc:bers  of  waterfowl,  gaze   ar.d  r.ongaze 
birds,  naPiiDBls,  reptiles  and  aciphibians.   Three  wildlife  species  listed  as 
endangered  by  the  Federal  Goverr.r.ent  could  occur  in  the  ares:  peregrine 
falcon,  blacl:-footed  ferret  and  bald  eagle.   The  piping  plover  is  listed  as 
threatened. 

3LACKFEET  EESEKVATIOIJ  WATER  DEVELOPMENT  POTENTIAL 

The  Blackfeet  Reservation,  located  in  Glacier  and  Pondera  Counties,  Montana, 
borders  both  Glacier  l.'ational  Park  and  Canada.   To  the  extent  that  the 
headwaters  of  the  Milk  River  lie  within  its  boundaries,  the  reservation  is 
associated  with  the  t'ilk  River  Irrigation  Project.   Also,  key  project 
facilities  used  in  the  storage  and  transfer  of  St.  Mary  River  water  to  the 
Milk  Easin  (St.  I'ai^y  Canal  ana  Sherburne  Reservoir)  are  located  on  the 
reservation . 

Recently  the  Blackfeet  identified  potential  water  development  proposals  that 
need  to  be  integrated  into  the  present  study.   These  specific  developr:ent 
proposals  are  currently  in  a  conceptual  stage  and  are  presented  as  such  in 
this  docucient.   The  proposals  are  not  expected  to  have  a  significarit  effect 
on  the  proposed  program  to  resolve  irrigation  water  shortages  in  the  Milk 
River  Dasin.   The  Tribe  will  participate  with  the  Departnent  of  I.'atural 
Resources  and  Conservation,  the  Milk  River  Irrigation  District,  and  the 
Bureau  of  Reclamation  in  evaluation  of  the  developnent  proposals  on  the 
reservation  as  approved  by  the  Tribal  Council.   Results  on  this  evaluation 
vjould  be  presented  in  the  Regional  Director's  Planning  Report/Draft 
Environcental  Statement. 

A  brief  description  of  several  water  developnent  options  on  the  Blackfeet 
Reservation  are  presented  below.   The  list  is  aeant  to  be  illustrative  of 
the  forns  of  development  that  will  be  considered  and  is  not  intended  to  be 
inclusive. 

1.   Storage  in  Lower  St.  Mary  Lake  --  The  surface  elevation  of  Lower 
St.  M:..  y  Lake,  a  -..atural  body  of  water  located  on  the  reservati.n,  could  ..  ■. 


raised  2  to  5  feet  ar.d  thereby  store  an  estiirated  5,000  to  15,000  acre- feet 

of  water.   Since  this  v.'ater  would  come  out  of  the  U.S.  share  of 

St.  Mary  River  flows,  the  project  would  necessitate  a  revision  of  the 

cosputaticnal  procedure  for  apportioning  flows  between  the  United  States  and 

Canada. 

2.  Instrean  flow  in  Swiftcurrent  Creek  --  releases  from  Sherburne  Dae  on 
Swiftcurrent  Creei:  flew  into  Lower  St.  Mary  Lake  and  then  to  the 

St.  Mary  River  where  the  diversion  das  for  the  St.  Mary  Canal  is  located. 
During  the  irrigation  season,  the  reservoir  releases  generally  maintain  an 
acceptable  instreac  flow  in  Swiftcurrent  Creek.   Providing  adequate  instream 
flows  in  the  off-season  would  require  yearly  storage  releases  of  about 
20,000  acre- feet.   Since  these  stored  flows  would  other*;ise  be  diverted  for 
use  on  the  Milk  River  Irrigation  Project,  alternative  developcents  would  be 
needed  to  offset  these  losses. 

3.  Enlargecent  of  Spider  Coulee  Lake  —  Located  on  the  St.  Mary  Canal, 
water  diverted  frca  the  St.  Mary  Basin  flows  through  Spider  Coulee  Lake.   The 
dam  creating  this  lake  would  be  raised  and,  with  a  change  in  operation  of  the 
St.  Mary  Canal  during  April  and  May,  the  lake's  storage  capacity  would 
increase  in  excess  of  5,000  acre- feet. 

H.      Divert  Kennedy  Creek  flows  directly  into  the  St.  liary  Canal  — 
Kennedy  Creek  is  the  last  major  tributary  to  the  St.  Mary  River  between  the 
diversion  dan  for  the  St.  Mary  Canal  and  the  Canadian  border.   Currently, 
Kennedy  Creek  waters  flow  unused  into  Canada  since  a  siphon  for  the 
St.  Mary  Canal  is  located  under  Kennedy  Creek.   nonetheless,  the  creek  has 
high  flows  in  the  spring  that  could  be  diverted  into  the  canal  and  stored  in 
an  enlarged  Spider  Coulee  Lake.   An  option  would  be  to  store  spring  flows  in 
a  reservoir  on  Ke.nnedy  Creek  for  later  diversion  during  the  irrigation 
season. 

5.   Irrigation  Developnent  in  the  Cutbank  Creek  Drainage  --  Currently  a 
contractor  to  the  Bureau  of  Indian  Affairs  is  conducting  a  soils 
classification  study  to  delineate  irrigable  soils  throughout  the  reservation. 
Lands  in  the  Cutbank  Creek  drainage  are  among  those  being  classified  and 
several  areas  appear  favorable  for  irrigation  development.   A  water  supply 


needed  to  sustain  such  use  would  require  a  diversion  fron  the  St.  Mary  River 
into  the  St.  Mary  Canal  and  subseo.uently  to  a  lateral  that  leads  to  the 
Cutbank  Creek  drainage.   The  development  of  reser\'oir  storage  in  Cutbank 
Creek  would  be  an  important  aspect  of  this  option.   Crops  to  be  irrigated, 
which  largely  include  alfalfa,  pasture,  and  feed  grains,  would  be  used  to 
support  an  expanded  livestock  economy.   This  proposed  plan  is  similar  to  an 
All-American  Diversion  plan  that  was  studied  in  the  19^0 's.   The  All-American 
Diversion  plan  was  to  divert  the  United  States'  share  of  water  from  the  Belly 
and  Vi'aterton  Rivers  in  Glacier  Park  to  a  storage  facility  on  the  St.  Mary 
River.   The  storage  facility  was  located  in  the  vicinity  of  Babb,  Montana. 
Storage  water  would  be  diverted  via  a  canal  with  regulatory  reservoirs  along 
the  way  to  serve  potential  irrigation  near  Shelby,  Montana,  with  return  flows 
to  the  Marias  River. 

6.   Power  Development  on  Drops  in  the  St.  Mary  Canal  --  In  1985,  a 
reconnaissance-level  examination  was  made  on  the  potential  for  small 
hydropower  development  on  five  drop  structures  along  the  St.  Mary  Canal 
route.   An  assumption  used  in  this  examination  centered  on  the  diversion  of 
flows  in  the  existing  canal  into  a  new  canal  with  a  capacity  of  490  cubic 
feet  per  second.   Located  above  the  first  drop  structure,  this  new  canal 
would  divert  flows  for  2.8  miles  to  a  600-foot  penstock  with  an  elevation 
drop  of  180  feet.   Once  used  in  the  powerplant,  the  flows  would  return  to  the 
North  Fork  of  the  Milk  River  about  one-half  mile  upstream  of  the  point  where 
the  canal  presently  enters  the  river.   Also,  if  the  St.  Mary  Canal  was 
modified  to  deliver  water  to  the  Cutbank  Creek  drainage,  consideration  would 
be  given  to  installing  a  penstock  for  a  future  powerplant. 


PREVIOUS  STUDIES  AND  AUTHORITY 

Water  shortages  in  the  Milk  River  Basin  have  been  the  subject  of  many 
studies.   Since  the  early  1970' s  the  Bureau  of  Reclamation  (Reclamation)  and 
the  State  of  Montana  have  investigated  plans  for  delivering  additional  wat'^r 
to  the  basin  (Reclamati -.n  1977,  DNRC  1977).   Although  some  of  the  early  p".  r.:,s 
were  shown  to  b---  economically  feasible,  no  acLi-r:  was  taken  at  th:  t  tir.e. 
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At  the  request  of  the  Milk  River  Irrigation  District  in  198)4,  the  Montana 
Departcent  of  Natural  Resources  (DN'RC)  and  Reclan:ation  focused  on  plans 
to  divert  water  froa  the  Marias  River  to  the  Milk  River.   Although  the 
Marias-Milk  diversion  was  found  to  be  econonically  infeasible,  seven 
ether  alternatives  were  developed.   These  seven  alternatives  were  eval- 
uated as  part  of  the  present  study. 

In  addition  to  this  report,  Reclacation  is  also  making  engineering  and 
financial  surveys  for  the  coniplete  rehabilitation  of  the  Glasgow  and 
Malta  Irrigation  Districts  for  inclusion  in  Reclaiaticn' s  Rehabilitation 
and  Betteruent  Program.   The  D'.'RC  is  completing  a  similar  study  for  the 
Chinook  Division  and  Dodson  Pumping  Unit.   (These  studies  are  described 
in  more  detail  in  Chapter  '4.) 

Investigations  on  the  I!arias-Milk  L'nit  were  authorized  by  Congress  on 
September  7,  1966,  (30  Stat.  707). 

PUBLIC  INVOLVEMENT 

Public  involvement  for  this  study  included  these  groups: 

-  Milk  River  irrigators  who  would  benefit  from  the  project 

-  Dryland  farmers  in  the  Big  Sandy  area  whose  land  would  be  along  a 
proposed  canal  route 

-  Chippewa-Cree  Tribe  on  Rocky  Boys  Indian  Reservation 

-  Gros  Ventre-Assiniboine  Tribes  on  the  Fort  Belknap  Reservation 

-  Federal  and  State  agencies 

Reclamation  representatives  attended  Milk  River  Irrigation  District  Board 
meetings  periodically  to  keep  the  district  up-to-date  on  the  study. 
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Public  meetings  have  been  held  in  several  communities  to  pass  on  infor- 
mation, answer  questions,  and  receive  comments.   Scoping  sessions  were 
held  to  identify  environmental  issues.   Several  meetings  have  been  held 
on  the  Rocky  Boys  and  Fort  Belknap  Reservations  to  discuss  the  findings  of 
the  study  as  they  pertain  to  interests  of  the  tribes. 

Details  of  the  various  meetings  and  the  issues  raised  can  be  found  in 
Chapter  6  "Consultation  and  Coordination." 
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CHAPTER  2:   PROBLEMS  AND  NEEDS 

This  study  addresses  the  water  shortages  in  the  Milk  River  Basin.   The 

largest  water  user  along  the  Milk  River  below  Fresno  Reservoir  is  the 

Milk  River  Project,  including  over  100,000  irrigable  acres.   Other  water 
users  include: 

-  the  Fort  Belknap  Indian  Reservation. 

-  irrigators  with  individual  Reclamation  contracts  (contract 
pumpers) . 

-  irrigators  with  water  rights  junior  to  the  Milk  River  Project, 
and  the  Fort  Belknap  Reservation,  and  contract  pumpers 
(junior  water  right  landowners). 

-  Bowdoin  National  Wildlife  Refuge. 

-  Bureau  of  Land  Management  stock  ponds  on  tributaries. 

-  communities  along  the  river. 

-  landowners  with  water  rights  senior  to  Reclamation's  (537  acres). 

Water  shortages  experienced  by  the  different  users  vary.   Accessibility 
to  available  water  at  present  determines  the  shortage.   When  the  Milk  is 
adjudicated  and  a  river  commission  appointed,  shortages  will  be 
determined  by  the  seniority  of  water  rights.   This  chapter  discusses  the 
water  rights  and  water  shortages  of  each  group.   The  alternatives  in 
Chapter  H  were  formulated  to  reduce  the  water  shortages  of  all  water 
users  in  the  basin. 


WATER   RIGHTS 

International 

Allocation  of  water   from   the  Milk  and   St.    I'lary   Rivers   is   governed   by   the 
Boundary   Waters   Treaty   of   1909-      The   treaty   states   that   during  the   irri- 
gation  season    (April    1    to   October  31)    the   United   States   is  entitled   to 
three-fourths   of   the  natural   flow   of   the  Milk   River  at   the   border 
(eastern-most   crossing)    v.'hen   the  natural   flow   is   656    ft-^/s  or   less.    Flows 
ever  666   ft^/s  are  divided  equally  betv.'een   the   two  countries.      During  the 
rest   of   the   year,    the   natural   flow  at   the  eastern   crossing   is   divided 
equally   between   the   two   countries.      VJater   from   the  St.    Mary   River   is 
divided   similarly,    but   Canada   receives   its   three-fourths   share  during   the 
irrigation  season.      The  water  of   the   eastern   and   northside   tributaries 
of   the  Milk    (see   the  map   at   the   front   of   this   report)   are  split   equally. 

Montana 

The  first  Milk  River  water  right  was  filed  in  1839.   As  part  of  the 
Milk  River  Project,  Reclamation  filed  water  rights  in  1903  and  1903  on 
all  unapp.'X'priated  water  of  the  Milk  River  and  its  tributaries,  totaling 
51,305  ft^/s. 

Reclamation  contracted  for  the  water  rights  in  1911  of  nearly  all  prior 
app.'^opriations  in  the  lower  Milk  River  Basin.   ILnown  as  the  Vested  Water 
Right  Contract,  it  included  the  water  supplied  to  26,177  irrigated  acres 
or  nearly  all  of  the  land  irrigated  in  1912.   Under  the  terms  of  the 
contract,  prior  appropriators  conveyed  to  Reclamation  all  rights  to  the 
water  supply.   Individual  appropriators  kept  service  rights  to  an  addi- 
tional 537  acres. 

Between  1920-1926,  seven  of  the  present  eight  irrigation  districts  were 
organized.   (The  eighth,  Dodson  Irrigation  District,  was  formed  in  19'^''-) 
Reclanation  issued  145  water-service  contracts  in  excess  of  1  acre-foot/ 
acre  between  19^16-1967  for  11,000  acres  along  the  Milk  River  mainstem. 
Contracts  were  issued  to  individual  pumpers  outside  the  irrigation 
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districts,  limited  to  2  acre-feet  of  water  per  acre.   In  1967  all  of  the 
districts  and  the  owners  of  the  11,000  acres  under  pump  contract  signed 
an  equalization  pact  that  gave  an  equal  right  to  the  water  supply  for  the 
!-5ilk  River  Project. 

There  are  an  additional  25,000  acres  of  land  which  are  irrigated  outside 
of  the  district  boundaries,  which  are  not  irrigated  by  contract  pumpers. 
Approximately  55  Montana  water  rights  and  use  permits  (totaling 
8,800  acres)  have  been  recorded  along  the  Milk  River  (exclusive  of  the 
tributaries).   Before  1973i  35  water  rights  for  6,700  acres  were 
established.   Twenty  water  use  permits  for  2,100  acres  have  been  granted 
since  1973.   All  private  water  rights  and  permits  are  considered  junior 
to  Reclamation  rights.   The  water  right  status  of  the  remaining  acreage 
irrigated  outside  the  district  boundaries  (16,200  acres)  is  uncertain  at 
present.   Water  rights  in  the  basin  are  presently  being  adjudicated. 
Adjudication  has  been  given  top  priority  by  the  State,  but  completion  is 
not  anticipated  for  at  least  10  years. 

Under  State  law,  DNRC  closed  sections  of  the  Milk  River  in  April  1983  to 
new  water  appropriations,  covering  the  mainstem  from  the  river's  eastern 
crossing  of  the  border  to  Vancalia  Dam  (between  Malta  and  Glasgow)  and 
applying  to  applications  for  direct  diversions  without  storage.   The  river 
section  between  the  eastern  crossing  and  Fresno  Dam  is  closed  each  year 
from  January  1  to  December  31 >  Inclusive.   Sections  between  Fresno  Dam  and 
Vandalia  Dam  are  closed  each  year  from  June  15  to  September  30,  inclusive. 


Indian 


V/ater  uses  on  the  Fort  Belknap,  Blackfeet,  and  Rocky  Boys  Reservations  are 
protected  by  unquantified  Federal  reserved  water  rights  held  by  the 
Gros  Ventre  and  Assiniboine,  Blackfeet,  and  Chippewa-Cree  Tribes.   The 
Tribes  on  the  Fort  Belknap,  Blackfeet,  and  Rocky  Boys  Reservations  are 
negotiating  with  the  Montana  Reserved  Water  Rights  Compact  Commission  to 
quantify  reserved  water  rights,  but  no  agreements  have  been  concluded. 
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The  1908  Winters  case  which  established  the  reserved  water  rights  doctrine 
recognized  a  Federal  water  right  for  the  Fort  Belknap  Tribes  to  use  a 
minimum  of  125  ft^/s  of  the  Milk  River,  with  a  priority  date  of  I888. 

The  reserved  water  right  for  the  Blackfeet  dates  from  the  same  I888 
agreement  which  created  the  Fort  Belknap  Reservation.   The  case  which 
established  the  I888  priority  date  for  the  Blackfeet  Reservation 
recognized  a  water  right  for  the  Blackfeet  to  use  a  minimum  of 
33  1/3  ft^/s  of  Birch  Creek  but  provided  for  future  modification  if  the 
water  needs  of  the  reservation  changed.   Although  the  water  source  decreed 
in  that  case  is  in  the  Missouri  River  basin,  the  priority  date  for  the 
reservation  is  the  same  on  all  water  sources. 

The  Chippewa-Cree  Tribe  on  the  Rocky  Boys  Reservation  have  claimed  a 
reserved  water  right  on  Big  Sandy  Creek  and  the  headwaters  of 
Beaver  Creek. 

The  Fort  Peck  Reservation  also  borders  the  Milk  River.   An  agreement 
between  the  Assiniboine  and  Sioux  Tribes  and  the  Montana  Reserved  Water 
Rights  Compact  Commission  excluded  the  Milk  River  as  a  source  of  the 
reserved  water  right  of  the  Fort  Peck  Tribes. 
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IRRIGATION  SHORTAGES 

Shortages  on  the  Fort  Belknap  Indian  Reservation 

The  Gros-Ventre  Assiniboine  Tribes  on  the  Fort  Belknap  Reservation  pre- 
sently irrigate  about  10,^125  acres,  with  a  reserved  water  right  under  the 
Winter's  Doctrine.   The  tribes  reserved  water  right  is  being  negotiated, 
but  the  quantity  is  unknown  until  negotiations  are  complete.   The 
following  assumptions  were  njade  to  estimate  the  tribes'  current  and 
future  shortages: 

1.  A  total  of  24,425  acres  would  be  irrigated  from  the  mainstem  of 
the  Milk  River  (10,425  existing  acres  and  14,000  new  acres)  under  the 
reserved  water  right. 

2.  The  tribes  would  be  entitled  to  all  natural  flow  of  the 

Milk  River  and  tributaries  upstream  of  or  passing  through  the  reservation 
or  passing  through  and  one-seventh  storage  in  Fresno  Reservoir. 

3.  The  tribes  would  continue  to  improve  their  existing  irrigation 
system  by  conservation  and  a  rehabilitation  program.   Funds  for  these 
programs  are  being  provided  through  the  Bureau  of  Indian  Affairs. 

Based  on  these  assumptions,  the  average  annual  current  shortage  would  be 
only  4  percent  for  the  existing  10,425  acres.   During  an  extremely  dry 
year,  however,  the  tribes  could  be  short  up  to  60  percent.   If  the  tribes 
developed  14,000  new  acres  under  their  reserved  water  right,  it  is  esti- 
mated they  would  be  short  1 1  percent  on  an  average  annual  basis  and  up  to 
82  percent  during  an  extremely  dry  year.   The  tribes,  therefore,  would 
need  a  supplemental  water  supply  even  with  a  senior  reserved  water  right 
to  provide  a  full  water  supply  to  a  total  of  24,425  acres. 

Vi'ater  Shortages  of  the  Milk  River  Pro.ject  (Districts  and  Contract  Pumpers) 

Milk  River  water  shortages  are  critical  to  the  well-being  of  the  valley. 
Coniinual  shortages  place  a  burden  or.  the  livelihoods  oT   th-.  irrigation 
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districts  and  contract  pumpers.   Under  current  conditions,  average  annual 
shortages  are  20  percent  of  the  average  annual  demand.   When  evaluation 
over  a  59-year  period,  the  shortages  exceed  10  percent  of  demand  in 
6  years  out  of  every  10.   Vfhile  average  annual  values  help  illustrate  the 
overall  extent  of  water  shortages,  they  do  not  show  how  severe  shortages 
can  be.   In  198^),  for  instance,  the  water  shortage  exceeded  50  percent  of 
the  demand.   (See  Attachment  1  for  more  detail.) 

Contributing  to  the  shortage  problem  is  the  poor  condition  of  the  irriga- 
tion facilities.   The  Milk  River  Project  was  among  the  first  irrigation 
projects  constructed  by  the  Bureau  of  Reclamation.   Many  of  the  70-year- 
old  facilities  are  obsolete  or  in  serious  need  of  repair.  Modernization 
and  improvement  of  project  facilities  would:   (1)  restore  the  reliability 
of  the  system;  (2)  conserve  water  by  reducing  seepage  lr..;:es  and 
operational  wastes;  (3)  provide  measuring  devices  for  the  equitable  and 
efficient  distribution  of  water;  (4)  provide  safety  features  for 
protection  of  human  life;  (5)  restore  design  capacity  to  the  system  to 
avoid  overloading  it,  thus,  reducing  the  risk  of  system  failure; 
(6)  reclaim  agricultural  lands  affected  by  seepage  losses;  (7)  improve 
annual  operation  and  maintenance;  and  (8)  improve  social  and  economic 
welfare  of  the  area. 

Without  rehabilitation,  chronic  water  shortages  will  continue,  and  some  of 
the  larger  features  in  the  system  will  inevitably  fail  with  severe 
consequencies .   If  the  Dodson  Diversion  Dam  failed  during  the  irrigation 
season,  for  example,  extensive  crop  loss  could  occur  and  emergency 
reconstruction  costs  would  certainly  be  high. 

Along  with  rehabilitation,  improved  management  of  the  water  supply  is 
also  needed  in  the  Milk  River  Valley  to  ensure  that  water  is  distributed 
equitably  among  all  eight  irrigation  districts.   Water  supplies  may  be 
adequate  in  one  district,  while  other  downstream  districts  may  be 
experiencing  severe  shortages.   Water  management  presently  is  hampered 
by: 

1.   Lack  of  measuring  devices. 
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2.  Lack  of  a  Board  of  Control.   The  irrigation  districts  operate 
individually,  with  a  board  of  directors  meeting  periodically  to  discuss 
problecs  which  are  common  to  all  districts;  e.g.,  water  supply, 
operations,  maintenance,  and  replacement  (CMiR)  charges. 

3.  An  unreliable  water  supply. 

H.      Lack  cf  incentive  to  use  water  efficiently. 

5.  Lack  of  capital  for  maintaining  and  updating  onfarm  irrigation 
systems.   Present  onfarm  systems  are  estimated  to  be  able  to  use  only 
27  percent  of  the  water  diverted  for  irrigation  (SCS,  1987). 

6.  Unadjudicated  water  rights.   After  adjudication  is  completed,  a 
river  commission  could  be  appointed  to  enforce  water  rights. 

Current  shortages  of  Milk  River  Project,  contract  pumpers,  and  landowners 
with  junior  water  rights  will  increase  by  an  average  of  13,000  acre-feet 
per  year  when  the  development  en  the  Fort  Belknap  Reservation  takes  place 
under  the  Tribes'  reserved  water  right.   In  addition,  Canada  proposes  to 
use  its  full  legal  share  of  the  Milk  River  mainstem  and  tributaries. 
Canada  proposes  to  build  a  reservoir  on  the  Milk  River  and  develop  new 
irrigation.   On  an  average  basis,  the  United  States  receives  iJO  ,000  acre- 
feet  per  year  of  water  beyond  its  share.   Consumption  of  Canada's  entire 
share  will  cause  in  an  average  annual  increase  in  U.S.  irrigation 
shortages  of  about  15,000  acre-feet  (see  Table  ^4.1). 

Much  of  the  excess  Canadian  water  is  passed  during  the  spring  runoff 
period  of  high  water  years.   At  these  times,  irrigation  demands  are  low 
and  storage  in  U.S.  reservoirs  generally  filled.   Therefore,  at  the  time 
available,  most  of  the  extra  Canadian  water  is  not  useful  for  irrigation 
and  is  simply  passed  down  the  Milk  to  its  mouth.   During  drought  years 
when  U.S.  water  users  experience  severe  irrigation  shortages,  Canada's 
share  of  water  is  small  and  mostly  used  by  Canadian  irrigators. 

The  DNRC  and  the  irrigators  are  prf-sently  working  with  the  Alberta 
government  to  see  if  irrigators  can  lease  storage  in  the  proposed  Canadian 
reservoir.   Because  the  planning  for  the  Canadian  reservoir  is  incomplete 
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and  beyond  the  province  of  this  report,  leasing  storage  in  the  reservoir 
was  not  included  as  a  possibility  in  this  study. 

V'ater  Shortages  of  Landowners  with  Junior  VJater  RiPjhts 

More  than  25,000  acres  of  land  are  irrigated  under  water  rights  junior  to 
that  of  the  irrigation  districts,  contract  purripers,  and  Fort  Belknap 
Reservation  (see  "VJater  Rights").   These  landowners  involved  do  not  share 
in  the  cost  of  Milk  River  Project  storage  facilities,  so  they  rely  only 
on  the  natural  flow  of  the  river,  even  though  it  is  inadequate  most  years 
to  meet  the  requirements  of  senior  rights  holders.   Because  of  the  lack 
of  adjudication  of  water  rights,  many  of  these  junior  water  right  holders 
divert  water  even  when  holders  with  senior  water  rights  (the  districts 
and  Tribe)  are  short. 

Urhen  adjudication  is  completed  and  water  rights  are  enforced,  however, 
these  25,000  acres  will  be  extremely  short  of  water.   It  is  estimated  the 
junior  water  rights  holders  would  be  short  100  percent  in  a  dry  year  like 
19314.   Ten  percent  of  the  time  junior  water  rights  would  be  short 
50  percent  or  more,  and  60  percent  of  the  time  they  would  be  short 
10  percent  or  more.   With  such  shortages,  these  lands  would  probably 
revert  to  dryland  farming,  unless  a  new  water  supply  is  developed. 

Water  Shortages  of  Bowdoin  National  Wildlife  Refuge 

The  Bowdoin  National  Wildlife  Refuge,  7  miles  east  of  Malta,  encompasses 
approximately  15,500  acres,  including  Lake  Bowdoin  (3.500  surface  acres) 
and  Dry  Lake  (1,300  surface  acres).  The  refuge  encompasses  6,500  acres  of 
native  grasslands,  200  acres  of  dense  nesting  cover,  100  acres  of 
shelterbelts,  2,200  acres  of  mixed  grass/shrub  and  5,500  acres  of 
wetlands.   Soils  in  the  vicinity  are  typically  saline/sodic  clays. 

Lack  of  water  to  dilute  salt  concentrations  by  periodic  flushing  or  flow- 
through  water  management  has  resulted  in  an  accummulation  of  salts  in 
Lake  Bowdoin  and  Dry  Lake.   These  salt  concentrations  have  destroyed 
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wetland  habitat;  cattails  and  round  bulrushes  have  been  replaced  by 
alkali-toleraTit  species.   Subrjerged  plants  such  as  pondweeds  and 
widgeongrass,  which  flourished  during  the  1950' s,  are  nearly  gone  in 
Dry  Lal:e  and  are  seriously  depleted  in  Lake  Bowdoin.   As  a  result  of 
these  habitat  changes,  waterfovjl  production  (Sowdoin's  highest  priority 
manageaent  objective)  has  declined  seriously. 

Problems  caused  by  the  poor  "«ater  quality  of  the  refuge  also  occur  cff- 
site.   Discharges  and  seeps  froa  the  refuge  cause  problems  for  dcunstreaa 
irrigators,  and  alkali  dust  blows  fros  dried-up  ponds  and  narshes   during 
the  suaaer.   The  underlying  cause  is  a  lack  of  water  to  dilute  salt  con- 
centrations by  periodic  flushing  or  flow- through  water  manageEent. 

near^  annual  evaporation  at  Bowdoin  is  3.5  feet,  which  translates  to  a 
total  of  22,750  acre-feet  of  water  lost  annually  from  the  refuge's 
6,500  acres  of  wetlands.   With  mean  annual  precipitation  supplying  about 
1  foot  of  water  (or  6,500  acre-feet),  irrigation  return  flows  providing 
another  1  ,500  acre-feet  in  a  norcal  season  and  Reclamation  annually 
supplying  3.500  acre-feet  of  stored  water  (if  available  beyond  irrigation 
needs),  the  annual  water  deficit  is  11,000  acre- feet  in  an  average  year, 
up  to  16,000  acre- feet  during  a  dry  year.   During  years  of  above-average 
runoff,  Beaver  Creek  flood  water  reduces  the  deficit.   In  nornial  or  dry 
years  (7  or  3  cut  of  every  10),  the  refuge  nust  depend  on  water  fron 
Fresno  Reservoir.   This  storage  water  has  been  unavailable  during  recent 
years  due  to  increasing  irrigation  demands  and  below  average  precipita- 
tion.  The  effects  on  the  refuge  have  been  degraded  habitat  and  reduced 
waterfowl  production.   Bowdoin' s  1985  production  is  estimated  to  be  50 
geese  and  500  ducks,  compared  to  normal  production  of  450  geese  cind 
6,000  ducks. 

Although  management  alternatives  to  deal  with  Bowdoin 's  water  problems 
focus  on  construction  and  rehabilitation  of  facilities,  a  guaranteed 
water  supply  is  the  critical  factor.   The  ideal  volume  of  water  needed  to 
meet  production  objectives  is  a  firm  15,000  acre-feet  annually 
(representing  the  difference  between  evaporation  and  precipitation). 


2-9 


CHAPTER  3:   RESOURCES 

IRRIGATED  LAND 

The  plan  was  formulated  to  provide  water  to  all  lands  presently  irrigated  fron 
the  main  stem  of  the  Milk  River.   A  total  of  133,228  irrigated  acres  were 
identified  by  land  classification  investigations  (USER  1977). 

All  lands  which  are  provided  water  from  Reclamation  facilities  must  be 
classified  according  to  Reclamation  specifications.   Much  of  the  irrigated  land 
had  been  previously  classified;  the  areas  classified  as  part  of  this  study 
include: 

-  Chinook  Division. 

-  Lands  irrigated  outside  district  boundaries.   This  includes  lands 
irrigated  by  contract  pumpers  and  landowners  with  a  junior  water 
right. 

-  Certain  lands  along  the  proposed  canal  from  the  Missouri  River  to  the 
Milk  River,  including  Rocky  Boys  Reservation. 

Milk  River  Project  Lands 

The  Glasgow  and  Malta  Divisions  (including  the  Dodson  Pump  Unit)  were 
classified  in  ^95^    and  1955.   (Arable  and  irrigated  acreages  are  shown  on 
Table  3-1 •)   Classifications  were  adequate  for  planning  purposes,  except  for 
about  91  acres  of  Class  5D  land  on  the  Dodson  Pump  Unit  which  needed 
resolution.   Of  the  91  acres,  45  were  determined  to  be  arable,  the  rest  Class  6 
(nonarable) . 

The  Glasgow,  Malta,  and  CHinook  Divisions  are  considered  to  be  at  equilibrium 
regarding  drainage,  that  is  that  the  water  added  to  the  groundwater  equals  the 
water  withdrawn  from  groundwater  annually  (USER  1987). 
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Table  3.1 

SitTirai-N'  of  U^nds  in  Milk.  River  Basin 
(acres) 


Class  Glasgow 


1 
2 
3 
3x 

4a 
4b 
5D 

Arable 

Equalization 
Pact 

Irrigated 

Served  by 
Project 


533.12 
2,415.61 
3,664.52 


Malta 

4,821.77 
6,193.31 
5,690.30 


Dodson 

Purnp 

238.7 
652.7 


Chinook 


Contract 
Punpers 


Junior 

Water 

Rights 


Fort 
Belknap 
Tribe    Total 

( rounded ) 


7,222.95 
4,175.27 


4,218.95 
21,633.78 


47.1 

Reclassed  as   irrigable         45 
18,011.47  IJ  42,558.11  !_/  983. 5  2/  35,000  5/     11,000  4/  26,607  4/     10,425       143,600 


18,011.76 
15,000.00 


42,506.00  _5/l, 006.0   37,274    10,577 
42,150.00   1,006.0   34,720    11,529 


0 

32,673 


15,000.00        42,150.00       1,^6.0      34,720  6/     10,330  6/25,000 


109,400 

10,425   147,500 


10,425   138,500 
( rounded ) 


1/   1955  land  classification. 

7/      1Q5H  land  classification. 

y     Esticated  arable  lands  within  1957  water-right  boundaries. 

H/  Preliminary  figures  based  on  1985-87  classification. 

5/     Adiusted  to  42,i)87  acres  by  1963  and  1985  reclassification. 

6"/  Some  of  the  irrigated  acres  are  Class  6.   It  is  assumed  that  these  lands 

~   would  be  irrigated  or  be  retired  and  irrigation  reinstated  on  irrigable 
lands.   If  the  landowners  in  the  districts  do  not  wish  to  retire  or   ^ 
transfer  the  water  right,  the  lands  will  be  class  6W.   See  6W  definition 
page  3-3 
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The  Chinook  Division  was  classified  in  1957,  but  no  land  classification  maps 
have  been  found.   Also,  arable  acres  vere  only  delineated  by  iJO-acre  tracts. 
For  these  reasons,  "senidetailed"  land  classification  of  the  Chinook  land  was 
completed  in  1585-86.   About  55.000  acres  are  arable  within  the  division 
boundaries.   Drainage  was  considered  a  productivity  factor,  and  salinity  values 
were  not  adjusted  to  reflect  any  future  drain  construction  on  the  irrigated 
lands . 

Lands  Irrigated  by  Contract  Pumpers 

As  discussed  under  V.'ater  Rights  Section,  the  Equalization  Act  Pact  signed  in 
1967  gave  the  Milk  River  Project  districts  and  punp  contracts—  equal  rights  to 
the  Milk  River  natural  flow  and  water  stored  by  the  Milk  River  Project  in  Lake 
Sherburne,  Fresno  and  K'elson  Reservoirs.   The  11,529  acres  of  lands  irrigated 
by  contract  pumpers  had  never  been  classified  until  1985-1987. 

Preliminary  figures  indicate  about  3,000  acres  of  irrigated  lands  with  senior 
water  rights  were  classed  nonarable  in  the  1985-1987  survey.   Irrigated  Class  6 
lands  holding  senior  water  rights  will  be  handled  according  to  Reclamation 
Instructions  part  512.1.1a(6)  which  states: 

"Class  6  irrigated  land  with  existing  water  rights  will  be  delineated  and 
designated  as  class  6W.   Every  effort  should  be  made  to  obtain  consent  for  the 
retirement  of  6W  lands  from  irrigation  and  release  or  transfer  of  any  water 
right  to  which  it  may  be  entitled.   If  this  cannot  be  accomplished,  such  land 
will  be  shown  as  class  6W  and  provision  made  for  supplying,  under  project 
operation,  the  amount  of  water  normally  available  to  it  under  existing  rights." 

The  matter  of  irrigated  Class  6  lands  will  be  deferred  until  the 
preconstruction  survey  when  the  exact  location  will  be  known.   For  the  PFV.'D, 
all  irrigated  Class  6  lands  with  senior  vjater  rights  were  included  in  the 
project.   All  Class  6  and  6D  land  with  junior  rights  will  not  be  included  in 
the  project. 


1/   Landowners  with  individual  pump  contracts  with  the  Bureau  of  Reclamation, 
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Lands  Irrigated  by  Landowners  vith  Junior  VJater  Rights 

According  to  on-the-grcund  investications,  about  ^^4,000  acres  are  irrigated 
outside  of  the  boundaries  of  the  districts  and  Fort  Belknap  Reservation.   About 
11,000  of  these  are  irrigated  by  contract  puEpers. 

The  remaining  33.000  acres  have  an  undetenijined  water  right  junior  to 
Eeclauation  and  tribal  vater   rights.   Of  the  33,000  acres,  about  25,000  acres 
are  arable.   Of  the  nonarable  lands,  3iOOO  acres  are  Class  6,  3,500  Class  6D, 
and  about  1 ,500  acres  have  not  been  classified  because  the  landowners  denied 
access.   All  lands  that  were  considered  undrainable  because  of  shallow  barriers 
or  which  have  drain  spacing  requirecents  less  than  50  feet  were  designated  6D, 
except  for  lands  suitable  for  bluejoint  hay  (Class  3SX).   The  nonaiable  (Class 
6  and  6D)  lands  with  junior  water  rights  were  not  included  in  the  project. 

Lands  on  Fort  Belknap  Reservation 

Irrigated  lands  on  the  Fort  Belknap  Indian  Reservation  receive  a  water  supply 
from  the  natural  flow  of  the  Milk  River-  and  one-seventh  of  the  storage  in 
Fresno  Reservation.   The  Bureau  of  Indian  Affairs  is  currently  classifying 
reservation  lands  using  their  standards.   This  classification  will  be  used  in 
water  rights  negotiations.   For  this  study,  it  was  assumed  10,^)25  acres  are 
presently  irrigated  and  liJ.OOO  additional  acres  will  be  developed  by  the  Tribe 
in  the  future.   The  total  of  24,425  acres  is  based  on  the  headgate  capacity  of 
the  diversion  dam  for  the  main  canal  on  the  reservation. 

Lands  Alonp;  Canal  Route 

Since  the  main  stem  of  the  Milk  has  been  closed  to  new  water  rights  since  1983 f 
no  new  irrigation  was  considered  for  this  study  except  the  lands  along  the 
proposed  canal  route  from  the  Missouri  River  near  Virgelle  to  the  Milk  River 
near  Havre  (described  in  Chapter  4).   New  lands  classified  include  privately- 
owned  land  and  land  on  Rocky  Boys  Indian  Reservation,  as  shown  below: 
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Private  Canalside  (acres)        Rockv  Boys   Reservation  (seres) 


Gravity  or  Gravity  or 

Sprinkler  Sprinkler  Only       Sprinkler         Sprinkler  Only 

1  1,175  82  505  357 

2  1,291  384  1,632  439 

3  1,162         364  1,621  144 

Total  Arable  4,458  4,698 


1955-1987  LAND  CLASSIFICATION  INVESTIGATION 

The  primary  purpose  of  the  land  classification  investigation  was  to 
determine  the  acreage  of  irrigated  land  suitable  for  sustained 
irrigation.   This  investigation  separated  arable  land  from  nonarable 
land.   Arable  land  is  land  which,  when  farmed  in  adequately  sized  units 
for  the  prevailing  climatic  and  economic  setting  and  provided  with  the 
essential  farm  improvements  (removing  vegetation  and  other  cover, 
leveling,  soil  reclamation,  drainage,  and  irrigation-related  facilities), 
will  generate  enough  income  under  irrigation  to  pay  all  farm  production 
expenses.   Arable  land  will  provide  a  reasonable  return  to  the  farm 
family's  labor,  management,  and  capital  and  pay  the  operation, 
maintenance,  and  replacement  costs  of  associated  project  irrigation  and 
drainage  facilities.   In  short,  the  arable  area  comprises  all  land 
delineated  in  the  land  classification  investigation  that  will  provide 
sufficient  income  to  warrant  consideration  for  irrigation  development. 
The  combined  effect  of  soil  texture,  soil  structure,  permeability,  depth, 
salinity,  alkalinity,  slope,  undulations,  drainage,  cover,  stoniness,  and 
field  size  are  some  of  the  major  factors  considered  in  arriving  at  a  land 
class. 

Land  classes  are  defined  in  terms  of  family  income  and  payment  capacity. 
Arable  lands  were  divided  into  Classes  1,  2,  3,  3X ,  SI,  S2 ,  and  S3  during 
the  1985-87  investigations.   These  are  economic  classifications  in  which 
physical  differences  in  land  reflect  differences  in  net  income. 
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The  standards  used  are  shown  on  Table  3-2.   The  nain  soil  deficiencies  narked 
in  the  survey  area  are  fine  soil  textures  (h  factor),  salinity  (s  factor),  and 
sodicity  (a  factor).  Topographic  deficiencies  include  cover  removal  (c 
factor),  grading  requirements  (u  factor),  and  small  field  size  (j  factor). 
Onfarm  drainage  problems  were  considered  a  productivity  factor  (o  factor)  . 
Irrigated  lands  were  classified  considering  the  present  situation  and  a 
moderate  intensity  of  management. 

Since  most  lands  irrigated  by  contract  puapers  and  landowners  with  junior  water 
rights  have  been  irrigated  less  than  40  years,  drainage  was  not  considered  to 
be  at  equilibrium  at  the  beginning  of  the  study.   Therefore,  a  drainage 
investigation  was  completed  to  detei-^nine  the  cost  of  artificial  drainage. 
Lands  with  sufficient  natural  drainage  for  sustained  irrigation  were 
identified.   Most  of  the  remaining  lands  will  require  artificial  drainage  for 
continued  diversified  crop  production  or  slowly  degrade  over  the  next  ^0   years. 
Certain  croplands  with  clay  soils  may  be  converted  to  blue joint  hay  production. 
The  lands  were  classified  based  on  the  current  situation.   Drainage  was 
considered  a  productivity  factor;  costs  and  benefits  of  proposed  drainage  were 
not  considered  in  the  land  classification. 

Preliminary  results  of  the  1985-3?  Land  Classification  investigation  are  shown 
on  Table  3.1.   Supporting  information  for  the  land  classification  study  (listed 
below)  is  on  file  in  Reclamation's  Great  Plains  Regional  Office  in  Billings, 
Montana. 

Big  Sandy  Valley  Lands  Appendix 
Milk  River  Valley  Lands  Appendix 
Milk  River  Equilibrium  Study  Report 
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to  ec;eed  3  perrxr.t 
•xt  my  1-djbe  =£11 


2  to  U  ;-ercw.t  L-.  gar.eral 
5-3dier,t  ; 


Ssx  aa  Class  1 

sprinkler. 


••tj,sr.  sxoeed  tr.13  alije 


-ise  ocTJlic-atlcra 

■~culd  dictate  t-'-.la 


1  to  5  percent  In  general 
ff-atHa-.t  Ln  reasoably 
larse  tollea. 


Ja-E  as  Class  1 
•prl.-Jtle.-. 


i,hiany  le/el  to  nearly  level. 
0  to  2  pereent  in  la;^  iodlea. 


Sare  33  p^vlty. 


iTl^tlir.  patte-T. 


SLrfece  Ic/ellrg  or 


S-rTice  xcale  cr 


iT't"  [t,-«3  aril 
tr-Lsn)  raxval 


ccs:  1/ 


cuss  6  -  HXiPJOZ 


r£c:-lar  sr£;ed  nal^  ex- 
oeettlr.g  3  aces  --I'-i  r.j'j 
Icr.s^'-  t."En  ^JCC  feet.     Iti- 

ar-£pe  cf  field  alU  be  ?e.i- 
^tted  as  al2e  Increases 
aicve  sLrJzm. 

Czr.  be  acorpllsf-ed  wit.-, 
SZC  or  1635  ;«.-  ac*. 


&n   te  afYvryJ'T-j^  v 

!£X  or  leas  per  ac* 


Ca.-  se  J^-iTT "  •  °--*f  j 
J2CC  cr  less  pe.-  ac^ 


-  2ra;«d  fleHs  ©t- 
ceedlrg  5  ac-sa  -It.'i  rj-ja 
Lx-^er  trs.1  3CC  feet.  L-, 
c-easlr.^  L.-r^ila.-lty  In 
shape  of  r.eld  will  te  per 
nltted  aa  size  ; 
atcve  3 


Saoe  aa  : 
•prlrJcls: 


Can  te  acCTCiTL'.3h.ad 
fcr  TOO  or  less  par 


Car,  be  acca:f)llshed 
r;r  r;iX  or  leaa  pe." 


Can  te  acax^llar.ed 
for  rCO  or  less  pc- 
acr^. 


Sazg  43  ff^f.T/. 


Can  be  acaa^:llsr.ed  ■/it.'i 
)6X  cr  less  per  ac."e. 


Can  te  sccocf  lls^.ed  with 
S6X  or  leaa  ^r  acre. 


Car.  te  acaxf-iar.ed  wlt.'i 
SCO  or  less  per  acre. 


ffegHar  af,afed  fields  c(- 
ceedlrg  2  acres  wltn  r\r3 
I(x,eer  tran  100  f*et.  In 
creaaL-.g  LT-egularlty  in 
at-.ace  cf  field  vlil  be  per 
altted  aa  size  Increases 
atove  T^  p,'  -I  n 


Can  te  acccc?;ll*,ed  Can  be  acca^jUshed  wiVi 

for  StiOO  or  lesa  per  t1 ,000  or  leas  per  acre. 
acre- 
Can  be  accccplla-^i  Can  be  acocEpLiahed  wltn 
fcr  >^  or  leas  per  $1 ,000  or  less  per  acr^. 

ac.-e. 


Can  te  aa 
for  JtCO  . 
acre. 


qpllar.ed      Can  be  aooa:?)ll*.ed  with 
■  lesa  per    51 ,0CO  or  lesa  per  acre. 


C^  be  aoTryllshed 

for  yrx  or  leaa  per 


Can  be  acoccplished 
for  JTCC  cr  leaa  per 

Cur.  te  accoapliahed 
for  rX  or  leas  per 
acre. 


Saae  as  Clasa  3  gravity. 


Can  be  acocnpltahed  with 
35CO  or  less  per  acre. 


Can  be  acoxpliahed  with 
J600  or  less  per  acre. 


On  be  acooipllaned  with 
JEOO  cr  less  pe.-  acre. 


&'J'a.-a  l-a_rage  factcra  Sace  aa  ff^v.T/ . 

vtll  cacse  yield  redjcticns 
up  to  25  peroer.t. 


9tO0  : 
acne. 


3  ;-er  acre. 


imc  cr  ! 


EOC  or  leas  per  acre.  f-X  or  lesa  per 

LaTiis  ^iiLch  do  net  =Eet  t-ic  ii:,-.i:ai3  neQilr'aaer.tJ  r:r  eitMr  gra'/lf/  or  sfrlj-JtLer  ara:ue  Linla. 


O/ajTi  drainage  fetors         Saae  aa  gf-avlty.  H/A 

will  cause  yteld  redix 
tlcra  up  to  50  peroent. 

t1 ,000  or  leaa  per  acre.        *^^  cr  less  per  acre.       £00  or  leaa  per  acre.    2/ 


SacB  aa  Claaa  1  S5ri.-jder. 


Can  be  acccrpi  1  ^'.ed  for 
S^CO  or  leas  per  acre. 


Czr\  be  acccE^^ll3^«:  for 
jjCO  cr  leaa  per  acre. 


Can  be  acoarpl  l.*ed  vitii 
EOC  or  laas  per  ac-^. 


jjCO  or  leaa  pe-  acre. 


1/  Ebaed  on  Class  1  procucti/tt/.     Goat  of  spririder  ac^ulpas-.t  la  net  Krallerad  a  develcfisent  ocat. 

2/  Baaed  en  icet  projuctl'/e  Class  ^  lands. 

1/  Lxallf.  Claas  H  Iwida  are  aoot  satatle  fcr  western  wheat^raM  (bU^jclnt)  hay.     Tlelia  average  attn-t  2  txj  per  acre. 

u/  llratl*  laids  rfiidi  do  not  aeet  tl»  criteria  r«-  p-aviry  lrr1^t.lor. 
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WATER  SUPPLY 

The  Milk  River  Sinulation  riodel 

DeteriLining  historic  and  future  water  shortages  in  the  Milk  River  Basin  is  the 
most  critical  eleraent  for  evaluating  proposed  plans.   The  amount  and  frequency 
of  shortages  in  the  basin  were  estimated  from  a  computer  simulation  model 
developed  by  the  Department  of  Natural  Resources  and  Conservation  (DKRC)  and 
Reclamation,  using  the  format  of  the  OPSTUDY  river  basin  model.   The  'Ailk   River 
model  estimated  monthly  streamflows,  irrigation  diversions,  and  reservoir 
contents  over  the  period  1927-19S5. 

Data  required  by  the  model  included  historic  streamflows,  crop  irrigation 
requirements,  irrigation  efficiencies,  canal  capacities,  and  irrigated 
acreages,  as  well  as  reservoir  capacities,  area  capacity  tables,  and  seepage 
and  evaporation  rates.   Details  of  the  model  can  be  found  in  Attachment  1  at 
the  back  of  this  report. 

The  model  showed  that  a  mean  annual  diversion  of  ij.6  acre- feet/acre  is 
necessary  to  satisfy  the  1  acre-foot/acre  crop  irrigation  requirement  for 
current  conditions.   The  estimated  mean  annual  diversion  is  currently  only  3.7 
acre-feet/acre,  with  0.3  acre-feet/acre  being  delivered  to  the  crop  root  zone. 
There  is,  therefore,  a  mean  annual  diversion  shortage  of  0.9  acre- feet/acre, 
which  translates  into  a  0.2  acre-feet/acre  shortage  in  crop  water  requirement. 

Figure  3.1  illustrates  how  insufficient  water  supply  and  inadequate  (facility) 
capacity  in  project  facilities  contribute  to  the  irrigation  shortages  of  the 
Milk  River  Project.   The  figure  depicts  an  average  canal  cross  section  of  the 
Milk  River  Project.   As  shown,  historic  average  diversion  demand  exceeds  the 
canal  capacity  and  the  increment  of  demand  above  the  canal  capacity  (0.5  acre- 
foot/acre)  represents  the  mean  annual  facility  shortage.   The  historic  average 
water  supply,  however,  is  not  sufficient  to  fill  the  canal  and  thus  a  water 
supply  shortage  (0.4  acre- foot/acre) ,  also  contributes  to  the  problem. 
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WATER  SUPPLY 

The  Milk  River  SiiTiUlation  r'odel 

Determining  historic  and  future  water  shortages  in  the  Milk  River  Basin  is  the 
most  critical  element  for  evaluating  proposed  plans.   The  amount  and  frequency 
of  shortages  in  the  basin  were  estimated  from  a  computer  simulation  model 
developed  by  the  Department  of  Natural  Resources  and  Conservation  (DK'RC)  and 
Reclamation,  using  the  format  of  the  OPSTUDY  river  basin  model.   The  I'ilk  River 
model  estimated  monthly  streamflows,  irrigation  diversions,  and  reservoir 
contents  over  the  period  1927-1985. 

Data  required  by  the  model  included  historic  streamflows,  crop  irrigation 
requirements,  irrigation  efficiencies,  canal  capacities,  and  irrigated 
acreages,  as  well  as  reservoir  capacities,  area  capacity  tables,  and  seepage 
and  evaporation  rates.   Details  of  the  model  can  be  found  in  Attachment  1  at 
the  back  of  this  report. 

The  model  showed  that  a  mean  annual  diversion  of  H.6   acre- feet/acre  is 
necessary  to  satisfy  the  1  acre-foot/acre  crop  irrigation  requirement  for 
current  conditions.   The  estimated  mean  annual  diversion  is  currently  only  3.7 
acre-feet/acre,  with  0.3  acre-feet/acre  being  delivered  to  the  crop  root  zone. 
There  is,  therefore,  a  mean  annual  diversion  shortage  of  0.9  acre- feet/acre, 
which  translates  into  a  0.2  acre-feet/acre  shortage  in  crop  water  requirement. 

Figure  3.1  illustrates  how  insufficient  water  supply  and  inadequate  (facility) 
capacity  in  project  facilities  contribute  to  the  irrigation  shortages  of  the 
Milk  River  Project.   The  figure  depicts  an  average  canal  cross  section  of  the 
Milk  River  Project.   As  shown,  historic  average  diversion  demand  exceeds  the 
canal  capacity  and  the  increment  of  demand  above  the  canal  capacity  (0.5  acre- 
foot/acre)  represents  the  mean  annual  facility  shortage.   The  historic  average 
water  supply,  however,  is  not  sufficient  to  fill  the  canal  and  thus  a  water 
supply  shortage  (0.'4  acre-foot/acre),  also  contributes  to  the  problem. 
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Figure  3.1 
IRRIGATION  SHORTAGES 
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The  relatively  high  facility  shortage  has  been  substantiated  by  talks  with 
ditch  riders  and  irrigators,  who  confirm  that  many  canals  cannot  carry  enough 
irrigation  water  to  satisfy  the  lower  reaches. 

Under  current  conditions  (present  irrigated  acreage  under  historic  climatic 
conditions  between  1927-1985),  the  average  annual  demand—  for  districts, 
contract  pumpers,  landowners  with  junior  water  right  acres,  and  the  Fort 
Belknap  Reservation  is  estimated  to  be  632,700  acre- feet.   The  average  annual 
facility  shortage  is  62,900  acre-feet  (10  percent),  and  the  water  supply 
shortage  61,200  acre-feet  (9  percent).   The  estimated  shortage  in  1984  is 
289,700  acre-feet.   Shortages  exceed  10  percent  of  the  demand  6  out  of 
10  years. 


l/  This  demand  is  the  total  diversion  required  at  the  headgates  of  the  canals. 
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CHAPTER  n-.      FLAl!  FORMULATION 


FLAK  FCEMULATIOU  OVERVIEW 


At  the  cnset  of  this  study,  the  problem  in  the  I'ilk  River  Basin  appeared  to 
be  an  inadequate  water  supply,  v^hich  could  be  alleviated  with  a  source  of 
supplemental  water.   Offstream  storage  sites  and  importing  water  fron:  Lake 
Elwell  (Tiber  Resei-voir)  ,  the  Missouri  River,  cr   Fort  Feck  Reservoir  were 
evaluated.  (These  alternatives  are  discussed  in  detail  in  "Canal  Routes  and 
Alternatives  Dropped  fi-om  Consideration"  at  the  end  of  this  cljapter.  )   Cf 
these  sources  of  supplemental  water,  only  the  Vii^el  le-l-'.ilk  Ca.'';al 
Alternative  was  economically  justified  and  warranted  further  study.   VJater 
would  be  piimped  from  the  Kissouri  River  near  Virgelle  to  be  conveyed  to  the 
llilk  River  near  Havre  to  alleviate  current  and  futui^e  shortages.   As 
explained  in  the  "Problerjs  and  1,'eeds"  Chapter,  the  current  average  annual 
water  supply  sliortages  are  expected  to  increase  about  28,000  acre-feet  in 
the  futuie  when  the  Canadians  and  Fcrt  Eelknap  Reservation  Tribes  use  their 
legal  share  of  the  lUlk  River  watei'. 

As  the  water  supply  problems  of  the  basin  wer-e  evaluated  in  more  detail  and 
more  information  was  collected,  it  became  evident  that  \jater  shortages  are 
caused  by  more  than  an  inadequate  v^ater  supply.   The  aging  canals  of  the 
Milk  River  Project  do  not  have  adequate  capacity  to  convey  enough  water  to 
meet  crop  demands  given  the  current  system  efficiencies.   (System 
efficiencies  are  estimated  at  1?  percent.   See  "Water  Supply"  in  Chapter  3-) 
Thus,  even  if  an  adequate  basin  water  supply  were  available,  many  of  the 
irrigators  would  not  receive  an  adequate  water  supply  to  meet  crop  demands. 
In  addition,  measuring  devices  at  all  farm  turnouts  and  laterals  and  a  Joint 
Board  of  Control  are  needed  for  equitable  distribution  and  management  of  :he 
existing  supply. 

Therefore,  a  three-phase  plan  was  formulated  that  would  include  better 
management  of  the  water  available,  rehabilitation  of  the  entire  system 
(conveyance  and  onfarm  facilities)  to  reduce  headgate  demand  to  canal 
Ccipacity,  and  a  new  water  supply. 
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Phase  1  has  been  initiated.   A  Joint  Board  of  Control  is  being  er.tablished 
to  coordinate  the  basin-v.'ioe  management  of  vater,  and  the  St.  Mary  Canal  is 
beinc  re:;tored  to  its  original  design  capacity. 

The  Joint  Eoard  of  Control,  uhich  would  be  cade  up  of  irrigation  district 
supervisors  elected  by  the  v/ater  users,  v/ould  coordinate  and  consolidate 
irrigation  operation  and  maintenance.   This  would  result  in  core-  efficient 
and  effective  use  of  water,  equipment,  and  district  staff. 

The  St.  Kary  Canal  diverts  St.  Mary  River  water  to  the  Milk  River.   This 
canal  is  undergoing  restoration  to  obtain  more  cf  the  U.S.  share  of  water, 
as  apportioned  by  the  Boundary  Waters  Treaty  of  1909-   Rehabilitation  of 
the  canal  could  reduce  average  annual  shortages  by  an  estimated 
16,000  acre- feet. 

Phase  2  would  focus  on  reducing  desand  at  canal  headgates  by  in^proving 
conveyance  efficiencies  through  rehabilitation  of  the  canal  and  laterals, 
and  increasing  onfarn  irrigation  efficiencies.   This  would  enable  canals  to 
carry  enough  water  to  meet  crop  needs.   Phase  2  includes  three  elements — 
Rehabilitation  and  Betterment,  Construction  and  Rehabili taticn,  and  Onfarn 
Efficiency  Improvement.   In  addition  to  conserving  water,  implementation  of 
these  three  elements  would  improve  distribution  of  water,  increase  crop 
yield,  reduce  labor,  improve  operation  and  maintenance,  and  permit 
reclamation  of  lands  affected  by  canal  seepage. 

Reclamation  is  completing  Rehabilitation  and  Betterment  (RtB)  Reports  for 
Malta  and  Glasgow  Divisions.  The  Montana  Department  of  Natural  Resources  and 
Conservation  (DK'RC)  is  completing  similar  reports  for  the  Chinook  Division 
and  Dodscn  Pumping  Unit. 

Phase  2  costs  were  estimated  assuming  only  the  districts  and  contract 
pumpers  would  participate  in  the  three  elements.   These  irrigators  would 
also  be  the  primary  beneficiaries.   Until  basin  water  rights  are  adjudicated 
and  a  river  conmissionei'  appointed,  landowner's  with  junior  v;ater  rights 
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will  continue  to  irrigate  even  during  periods  when  the  water  supply  is  only 
adequate  for  landowners  with  senior  water  rights.  Under  this  operation  the 
!;ilk  River  Project  districts,  contract  punpers,  and  landowners  with  junior 
water  rights  should  have  an  adequate  water  supply.   It  is  estimated  that 
average  annual  shortages  would  be  about  3  percent,  and  shortages  that  exceed 
10  percent  of  demand  would  only  occur  1  of  10  years.   The  inequity  of  this 
operation  is  that  the  landowners  with  junior  water  rights  are  receiving  a 
water  supply  from  the  Milk  Kiver  Project  facilities  (St.  Kary  Canal, 
Sherburne  Lake,  Fresno  Reservoir,  and  K'elson  Reservoir)  at  no  cost.  One  way 
to  resolve  this  inequity  is  for  all  irrigators  to  share  the  available  water 
and  to  share  all  costs  to  provide  the  water.   This  would  require  agreement 
by  all  parties  and  negotiation  of  a  new  repayment  contract,  similar  to  the 
Equalization  Pact  of  196?  (see  "VJater  Rights"  in  Chapter  2). 

Another  way  to  resolve  the  inequity  is  to  coniplete  the  adjudication  of  the 
Milk  River  Basin  water  rights,  and  to  enforce  the  water  rights  by 
appointnent  of  a  river  corriwissioner.   This  would  result  in  a  very  inadequate 
water  supply  for  the  landowners  with  junior  water  rights.   Sixty  percent  of 
the  tine,  their  water  shortages  would  exceed  10  percent  of  their  demand.  In 
extremely  dry  years,  they  would  be  completely  without  water.   With  these 
extreme  conditions,  landowners  with  junior  water  rights  would  probably 
revert  to  dryland  farr.iing. 

Phase  3  was  formulated  to  provide  an  adequate  water  supply  to  the 
landowners  with  junior  water  rights,  Gros  Ventre-Assiniboine  Tribes  on  the 
Fort  Belknap  Reservation  (where  the  water  supply  would  be  a  part  of  the 
reserved  water  right),  Bureau  of  Land  Management  stockwater  ponds  (through 
exchange  with  tributary  water),  Bowdoin  National  Wildlife  Refuge,  and  the 
town  of  Chinook.   The  Preferred  Plan  is  a  230  ft  /s  pumping  plant  on  the 
Missouri  River  near  Yirgelle  and  a  canal  from  the  Missouri  to  the 
Milk  River  near  Havre,  a  distance  of  k6   miles.   Water  would  be  provided  to 
landowners  along  the  canal,  including  the  Chippewa  Cree  Tribe  on  the 
Rock-y  Boy's  Reservation. 

Phase  3  is  presented  in  this  chapter. 
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DESCRIPTION  OF  PHASE  1 

Elecents  of  Phase  1 

Phase  1  is  being  completed  by  the  Milk  River  irrigators.   This  phase 
induces  forculation  of  a  Joint  Board  of  Control  and  restoring 
St.  I'ary  Canal  to  its  original  design  capacity. 

St.  Kary  Canal  Restoration 

Lake  Sherburne  Dam,  St.  Mary  Diversion  Dam,  and  St.  Kary  Canal  were 
constructed  in  the  T910's.   The  lake  behind  Lake  Sherburne  Dam  stores 
St.  Mary  River  water.   St.  Kary  Canal  begins  at  St.  Ifery  Diversion  Dam  on 
the  west  £ide  of  St.  Kary  River  near  Eabb,  Montana,  discharges  into  the 
l^orth  Fork  cf  the  Milk  River  (see  the  map  at  the  front  of  this  report). 
The  canal  is  29  miles  long.   The  original  design  capacity  was  850  ft  /s; 
present  capacity  is  estimated  at  TOO  ft  /s. 

St.  I'ary  River  is  a  critical  element  of  the  v.-ater  supply  available  in  the 
Milk  River  Basin.   Mean  annual  flow  at  the  eastern  crossing  of  the  border 
is  267,150  acre-feet/year,  about  half  of  which  comes  from  the  St.  K.ary 
River  Basin.   Therefore,  the  Milk  Fiver  Project  irrigators  are  restoring 
the  St.  Mary  Canal  to  its  original  design  capacity,  by  reshaping  the  canal 
banks.   This  work  is  being  done  as  an  extraordinary  operation  and 
maintenance  progi^am  and  should  be  completed  in  1991. 

Joint  Board  of  Control 

The  Milk  River  irrigators  are  in  the  process  of  forming  a  Joint  Board  of 
Control.   The  Board  will  be  made  up  of  representatives  elected  by  the  water 
users.   Initially  the  Board  could  administer  water  usage  and  the  Milk  River 
Project  works.   This  would  allow  the  private  and  Federal  sectors  along  the 
Milk  River  to  work  together  for  the  benefit  of  all  users.   The  Board's 
authority  eventually  could  be  expanded  to  include  operation  and 
maintenance  of  all  facilities. 
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Effects-  of  Phase  1 

The  Joint  Board  of  Control  will  result  in  a  more  efficient  use  of  water, 
equipment,  and  district  staff. 

The  restoration  of  St.  [.ar-y  Canal  will  reduce  the  average  annual 
chortaces  in  the  basin  by  16,000  acre-feet. 

Cost s  of  Phase  1 


The  St.  Mary  Canal  is  being  restored  through  a  special  assessment 
included  in  the  annual  Milk  River  Project  OMiLjl  for  a  period  of  5  years. 

The  cost  for  forning  the  Joint  3oard  of  Control  has  not  been  estimated. 

DESCRIPTION  CF  PHASE  2 
("Future  V'ithout  the  Project  Condition"  or  No  Action  Alternative) 

Phase  2  includes  three  RSl3  Progj'am  elements--Eehabiiitation  and 
Bettei'Kent,  Construction  and  Rehabilitation,  and  Onfarm  Efficiency 
ImproveiLent.   These  three  are  summarized  below  and  described  in  more 
detail  in  Attachment  3  and  in  the  Rehabilitation  and  Betterment  Program 
reports  for  the  Malta  Division,  Glasgow  Division,  Chinook  Division  and 
Dodson  Pump  Unit  (see  "References"). 

Phase  2  represents  what  could  happen  if  the  basin  water  supply  were  not 
increased  in  Phase  3-   Therefore,  Phase  2  is  used  as  a  base  for 
comparison  of  the  economic,  environmental,  and  social  effects  of  Phase  3- 
It  is  referred  to  as  the  Future  V.'ithcut  the  Project  Condition  (without 
Phase  3),  or  Ko  Action  Alternative  in  this  report.   It  is  assumed  Phase  I 
will  be  completely  implemented  before  Phase  2  is  begun. 
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Elep&nts  of  Fhar.e  2 

Rehabilitation  and  Eetteir:c-r.t 

The  facilities  cf  the  KiU-  Eiver  Project  (Malta,  GIeecow,  and 
Chinook  livifrions  and  the  Dodson  Pucp  Unit)  would  be  rehabilitated.   This 
includes  relocating,  rebuilcln£,  or  enlarging  reaches  of  canals;  lining 
canals  with  compacted  earth,  membrane  material,  or  concrete;  replacing 
canal  structures;  realigning  or   deepening  existing  drains;  constructing  new 
drains;  lining  laterals  or  installing  pipe;  and  installing  measuring 
devices.   This  work  would  focus  on  the  most  serious  problems. 

Construction  and  Rehabilitation 

This  element  would  be  an  expansion  of  the  Rehabilitation  and  Betterment 
element.   The  project  distribution  system  (structures,  canals,  laterals  and 
drains)  would  be  upgraded.   Obsolete  structures  such  as  diversion  daras 
would  be  rDOdifled  or  replaced.   Measuring  devices  would  be  installed  on  all 
laterals  and  farm  turnouts. 

Onfarm  Efficiency  Improvement 

Onfarm  improvements  (leveling  fields,  raising  border  dikes,  lining  ditches, 
installing  gated-pipe,  sprinklers,  and  concrete-lined  head  ditches  with 
automated  control)  would  be  coupled  with  improved  irrigation  scheduling  and 
operational  changes. 

Presently,  the  Soil  Conservation  Service  (SCS)  works  with  the  operators  in 
the  basin  to  improve  onfarm  irrigation  efficiencies.   Reclamation  wants  to 
maintain  the  relationship  the  SCS  has  with  the  farmers.   To  implement  the 
Onfarm  Efficiency  Element,  Reclamation  suggests  that  the  funds  be 
transferred  to  the  Agricultural  Stabilization  and  Conservation  Service 
(ASCS).   through  a  Memorandum  of  Understanding  (MOU).   The  SCS  would  provide 
technical  assistance  to  the  farmers.   Annually,  the  ASCS  in  cooperation  with 
Reclamation  and  the  Milk  River  Joint  Board  of  Control  would  agree  on  the 
onfarm  improvements  to  be  done  that  year.   After  agreement  the  funds  would 
be  transferred  to  the  ASCS. 


Each  irrigation  district  would  receive  onfarm  improvecent  funds  based  on 
the  ratio  of  irrigated  area  in  each  district  to  the  total  irrigated  area. 
For  example: 

Glasgow  District  18,000  acres 

Total  Project  103,000  acres 

18,000  =  17  percent 
103,000 

Glasgow  District  would  receive  17  percent  of  the  onfarm  funds. 

Effects  of  Phase  2 

These  three  elements  will  upgrade  the  distribution  system,  iir.prove  drainage 
and  help  drain  extensive  seeps,  improve  distribution  of  available  water, 
improve  operation  and  maintenance,  increase  crop  yield,  decrease  labor 
required  for  farm  operations,  and  reduce  demands  at  the  headgates  so  canals 
are  capable  of  delivering  enough  water  to  crops. 

Effects  on  Water  Demand  and  Shortages 

To  evaluate  the  effect  of  each  element  of  Phase  2  on  the  water  supply,  a 
sequence  of  events  was  selected: 

1.  Present  condition  (historical) 

2.  Restoration  of  St.  Mary  Canal  (St.  Kary) 

3-    Canadian  development  of  their  full  share  of  Milk  River  water 
supply  (Canadian) 

4.  Development  of  1)4,000  additional  acres  on  Fort  Eelknap 

Reservation  (Indian) 

5.  Implementation  of  Rehabilitation  and  Betterment  element  (R&B) 

6.  Implementation  of  Construction  and  Rehabilitation  element  (C&R) 

7.  Imolementation  of  Onfarm  Efficiency  Improvement  element  (Onfarm) 

8.  Adjudication  Completed  and  Vj'ater  Rights  Enforced  (Ad judxcation) 
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Table  ^ . 1  and  Figure  ^.1  show  the  effect  of  this  sequence  of  events  on  the 
deiands  cind  shortages  for  the  districts,  contract  punpers,  and  junior  water 
right  landowners.   Table  H.2   and  Figure  i).2  show  the  effect  on  the  demands 
and  shortages  of  the  Fort  Belknap  Reservation  Tribes.   The  demands  and 
shortages  are  based  on  138,500  acres  of  land  presently  irrigated  and 
1^1,000  new  acres  on  Fort  Belknap  Reservation: 

Water  User  Acres 


Districts  and  Contract  Pumpers  103,206 

Landowners  with  Junior  Vfater  Rights  25,000 

Fort  Belknap  Indian  Reservation  10  ,425 

Existing  Irrigated  Acres  (Rounded)  138,500 

!Jew  Acres  on  Fort  Belknap  Indian  Reservation  1 4  ,000 

Future  Irrigated  Acres  152,500 

Data  used  to  compute  the  shortages  were  based  on  the  best  available 
information.   Accurate  data  on  water  usage  in  the  basin  is  difficult  to 
obtain  due  to  lack  of  project  measuring  devices.   As  part  of  the 
rehabilitation  program,  measuring  devices  will  be  installed  at  all  canal 
and  lateral  headworks  and  at  all  turnouts.   These  will  help  assure  equitable 
distribution  of  water  and  will  also  provide  the  necessary  data  to  compute 
system  efficiencies. 

The  average  annual  demand  is  based  on  the  average  annual  crop  irrigation 
requirement  (CIR)  and  conveyance  and  onfarm  efficiencies.   For  example,  if 
the  CIR  were  1  acre-foot/acre,  the  onfarm  efficiency  27  percent  and  the 
conveyance  efficiency  64  percent,  the  diversion  demand  at  the  headgate 
would  be  5.9  acre-feet  per  acre  (1  divided  by  (.27  x  .64)].   This  means 
that  5.9  acre- feet  per  acre  would  have  to  be  diverted  to  deliver  1  acre- 
foot  to  the  crop.   If  the  diversion  demand  is  greater  than  the  canal 
capacity,  the  increment  of  demand  above  the  canal  capacity  represents  the 
"facility  shortage."  If  the  water  supply  were  insufficient  to  fill  a 
canal,  there  would  be  a  "water  supply  shortage."   (See  Attachment  1,  "Water 
Supply  Sinulation  Model"  for  more  details.)   Both  water  supply  and  facility 
shortages  represent  a  shortage  to  the  crop. 
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ShortaF.eg  cf  District,  Contract  Punpers  and  Junior  V.'ater  Rlf.ht  LBndov.'r.ers. — 
As  shov/n  on  Table  4.1  and  Figure  4.1,  restoring  St.  Hary  Canal  vill 
decrease  the  average  annual  water  supply  shortage  of  the  districts,  contract 
pumpers  and  landowners  with  junior  water  rights  by  about  16,000  acre-feet 
(59,700  Dir.us  43,800  acre-feet).   Canadian  and  Indian  development  will 
increase  average  annual  water  supply  shortage  ty  about  28,000  acre-feet 
(froE  43,800  to  71,800  acre-feet).   This  71,300  acre-foot  water  supply 
shortage  coupled  with  the  62,900  acre-foot  facility  shortage  (caused  ty 
water  deuancs  greater  than  canal  capacity)  results  in  a  total  average  annual 
demand  of  134,700  acre-feet  or  about  23  percent  cf  the  average  annual  total 
demand.   The  Rehabilitation  and  Betterment,  Construction  and  Rehabilitation, 
and  Cnfarn  Efficiency  Iraprovenent  elements  will  reduce  the  average  annual 
canal  headgate  deoand  from  593.600  to  344,000  acre-feet,  or  a  42-percent 
inprovement.   The  canals  would  have  adequate  capacity  to  carry  the  water 
needed  to  raeet  the  crop  iri'igation  decands;  thei^e  would  be  essentially  no 
facility  shortage,  while  average  annual  water  supply  shortage  would  only  te 
10,300  acre-feet,  or  3  percent  of  average  annual  decanc 
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In  the  driest  year  of  the  study  period,  the  shortage  would  te  103,000  acre- 
feet  or  24  percent  of  average  annual  deraand  after  iEplecentation  of  Phase  1. 
Extrere  shortages  (greater  than  10  percent  of  cen.and)  would  occur  on  average 
only  1  year  out  of  10  compared  to  6  years  out  of  10  currently. 

The  water  supply  at  present  is  used  by  all  irrigators  in  an  upstreac- 
downstream  order,  regardless  of  water  right  priority.   The  water  supply  is 
not  distributed  based  on  priority  because  basin  water  rights  have  not  teen 
adjudicated,  no  river  commissioner  has  been  appointed  to  enforce  water 
rights,  there  are  few  measuring  devices,  and  there  is  no  joint  board  of 
control  to  manage  water  distribution  in  the  basin. 

Enforcement  of  adjudicated  water  rights  would  reduce  shortages  for  district 
and  contract  pumpers  another  50,000  acre-feet  during  dry  years  (see  items  4 
and  5  on  Table  4.1).   V/ith  those  shortages  the  districts  and  conti^act 
pumpers  would  not  need  addi':onal  water  beyond  that  supplied  by  Phase  2. 

With  Phase  2  in  place  there  would  stjll  be  sh  Mages  in  the  basin.   After 
adjudication  of  water  rights  are  enforced,  ti   25,000  acres  cf  la-^d 


Table  H.} 
S'J^-IARY  OF  CJULATIVE  EFFEXHS  OF  THREE-PHASE  PLAJ^ 
ra  ISWCS  .yO  SHORTAGES  CF  DISTRICTS,  COirTRACT  PUPERS,  AJ©  JUNIOR  WATER  RIGHT  LAICUa'^ERS 

Maximum 
Average  Annual    Average     Water  Supply    Frequency  of 
Average     Facility    .Annual  Water     Shortage      Water  Supply 
Annual  Demand   Shortage   Supply  Shortage     1984     Shortages  that  Exceed 
Scenario (Ac re- feet)  (Ac re- feet)    (Ac re- feet) (Ac re- feet) 10%  of  Dgrand 

Before  Adjudication  Enforced  -  Districts,  Contract  Pumpers  and  Junior  Water  Right  Landov>ners 

266,700  6  years  out  of  10 
249,400  6  years  out  of  10 
243,100    7  years  out  of  10 

230,590    5  years  out  of  10 

187,900    4  years  out  of  10 

103,000     1  year  out  of  10 
Onfarm 


1. 

Current 

593,600 

62,900 

59,700 

2. 

Phase   1  CcTjplete 

593,600 

62,900 

43,800 

3. 

Canadian,   Indian 
Developrent 

593,600 

62,900 

71,800 

4. 

Phase  2 

R&B 

532,000 

38,300 

56,300 

R&B  and  C&B 

454,500 

17,100 

36,900 

R&B,  CSB  and 

344,000 

1,600 

10,300 

5.  Adjudication  Enforced 


Districts  and       299,600 
Contract  Pumpers 

Junior  Water  Right    44,400 
Landowners 

6.  Phase  3         299,600 
District  and 
Contract  Pumpers 

Junior  Water     44,400 
Right  Landowners 


1,600 


1,600 


1,200 
9,100 
1,200 

1,600 


51,000     1  vear  out  of  10 


52,000    6  years  out  of  10 


51,000     1  year  out  of  10 


17,500     1  year  out  of  10 
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irrigated  under  junior  water  rights  would  bear  these  shortages.   Diversions 
for  these  25i000  acres  would  be  reduced  or  completely  shut  off.   In  6  out 
of  10  years,  shortages  on  these  lands  would  be  at  least  10  percent  of 
average  annual  demand.   In  1  cut  of  10  years  the  shortages  v.'ould  be  at 
least  50  percent.   In  dry  years  like  19^1  and  193^^,  these  lands  would  be 
conpletely  without  water.   Landowners  with  junior  rights  would  probably 
.'■■evert  to  dryland  farning  in  such  an  eventuality. 

Fort  Belknap  Reservation  Shortages. — Table  H.2   and  Figure  ^.2  show  the 
shortages  for  the  Fort  Belknap  Reservation  Tribes.   Assuming  the  Tribes 
are  entitled  to  all  natural  flows  of  the  Milk  River  and  tributaries 
upstream  of  and  passing  through  the  reservation,  the  average  annual  water 
shortage  would  be  6,200  acre-feet,  or  11  percent  of  their  average  annual 
cercand ,  for  24,425  acres  (see  line  5  of  Table  4.2).   In  a  year  like  1984, 
with  limited  natural  flow,  shortages  would  exceed  80  percent.   This  level 
of  shortages  assunes  the  Tribes  will  continue  to  update  their  existing 
system  through  a  rehabilitation  program  similar  to  Phase  2  proposals. 
Funding  has  been  obtained  through  the  Bureau  of  Indian  Affairs  for 
rehabilitation  in  the  past. 

Other  Water  Users  Shortages. — If  water  rights  were  adjudicated  and  strictly 
administered,  another  3)700  acre- feet  could  be  provided  to  Lake  Bowdoin  per 
year  on  average,  without  increasing  the  district  shortages.   For  Phase  3 
analysis  it  was  assumed  Lake  Bowdoin  would  still  need  15,700  acre-feet  of 
water,  the  town  of  Chinook  400  acre-feet,  and  the  Bureau  of  Land  Management 
7,500  acre-feet. 

Environmental  Effects 

Canal,  lateral  and  drain  rights-of-ways  offer  riparian  habitat  and 
vegetative  cover  for  many  species.   Over  the  years,  canal  seepage  has 
created  several  large  seeps,  providing  important  habitat  to  terrestrial 
species.   Inproving  the  delivery  systems  in  Phase  2  will  reduce  seepage, 
drying  up  these  artificially  created  wetlands. 
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Table  4.2 

Sl>WARY  OF  aMUlATIV'E  EFFECTS  OF  THREE  PHASE  PLAN  ON  DEMANDS  AND  SHORTAGES 

OF  FORT  BELKN.AP  INDIAN  RESERVATION  TRIBES 


Scenario 


Average  Maximum  Frequency  of 

Average       Annual      Average    Water  Supply  Water  Supply 

Annual      Facility  Annual  Water    Shortage     Shortages 

Danand      Shortage  Supply  Shortage    19S4      that  El>:ceed 

(Acre- feet)  (Acre-feet)  (Acre-Feet)   (Acre-Feet)  10%  of  I^asivand 


1. 

Current 

39,900 

0 

1,500 

2. 

Phase   1  Caiiplete 

39,900 

0 

1,500 

3. 

Canada  Etevelopmsnt 

39,900 

0 

2,500 

4.   Development  of  14,000 
acres  on  reservation 


71,700 


1,400 


5.   Phase  2 

(R&B,  Onfarni,  C&R)      56,300 


11,400 


6,200 


23,900  1  year  out  of  10 

23,900  1  year  out  of  10 

25,100  2  years  out  of  10 

60,300  5  years  out  of  10 

46,400  3  years  out  of  10 


Adjudication  Enforced 


Phase  3 


56,300 


1.800 


26,000    1  year  out  of  10 
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Although  threatened  or  endangered  species  such  as  the  piping  plover, 
peregrine  falcon,  black-footed  ferret,  and  bald  eagle  rriay  occur  in  the  area, 
none  should  be  affected  by  Phase  2  according  to  the  U.S.  Fish  and  Wildlife 
Service  (USFWS). 

The  following  wildlife  mitigation  neasures  have  been  recommended  by 
USFWS : 

1.  Areas  should  be  managed  for  wildlife  to  compensate  for  habitat 
lest  as  a  result  of  Phase  2.   These  include  2,755  acres  in  the  Beaver  Creek 
area,  ^  ,3^0   acres  next  to  Nelson  Reservoir,  553  acres  near  the 

Dodson  Canal,  ^400  acres  west  of  Vandalia  Diversion  Dam,  and  5,600  acres  in 
the  Lonesome  Lake  area. 

2.  Some  newly  lined  canals  and  laterals  could  entrap  deer.   Escape 
rsechanisms  are  recomniended  for  every  -mile  in  the  initial  reaches  of 
laterals  DN-IO^,  DS-50  and  DS-1i{0.   The  Vandalia  South  Canal  should  be 
monitored  to  see  if  deer  are  trapped.   If  so,  the  canal  should  be  fenced. 

Phase  2  will  not  result  in  significant  changes  in  flow  regiu^ens  of  the 
'•'ilk  River.   Impacts  to  fishery  resources  associated  with  historic 
dewatering  and  low  flows  in  the  Hilk  River  will  continue.   Operation  of 
Fresno  and  Nelson  Reservoirs  under  Phase  2  should  result  in  a  general 
improvement  in  fishery  habitat.   Changes  in  waterfowl  use  of  the  river  or 
around  Fresno  Reservoir  are  not  expected. 

I'o  known  cultural  resources  would  be  affected,  but  surveys  will  be  taken 
where  earth-disturbing  activities  are  to  take  place.   Since  the  Milk  River 
Project  is  one  of  the  oldest  Federal  irrigation  projects  in  the  nation,  the 
historical  significance  of  certain  project  features  will  also  have  to  be 
evaluated. 
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Social  Effects 

Phase  2  vould  help  alleviate  vjater  shortages  in  the  basin;  however,  little 
change  in  economic  and  social  conditions  is  anticipated  in  the  area. 
Agriculture  will  continue  to  be  the  prirtary  basic  industry,  with 
principal  crops  including  alfalfa,  barley,  and  wheat.   Cattle  grazing 
would  continue  to  be  an  integral  part  of  most  opei^ations. 

Although  overall  population  in  the  area  is  projected  to  increase  by  about 
10  percent  by  the  year  2000,  all  increases  will  take  place  in  the  larger 
cities  and  tov.'ns  like  Great  Falls,  Havre,  Fort  Benton,  Malta,  and  Glasgow 
(Departn;ent  of  Conrjerce,  1970).   However,  the  actions  in  Phase  2  should 
help  stem  the  historical  losses  of  rural  population  in  the  area. 

Employment,  conraensurate  with  population  trends,  will  continue  to  follow 
area  historical  pattems  of  increases  in  urban  areas,  and  decline  in 
rural  areas.   Unemploycent  on  the  Fort  Belknap  and  Pocky  Boy's 
Reservations  (currently  at  about  70  percent)  will  continue  at  relatively 
high  levels  (Department  of  Coamerce,  1970). 

Per  capita  income  will  remain  below  the  national  average.   Although 
current  inconie  for  the  area  is  expected  to  increase  by  about  60  percent  by 
the  year  2000,  income  in  the  agriculture  sector  is  expected  to  increase  by 
only  35  percent  over  the  same  period  (Department  of  Commerce,  1970). 
Phase  2  will  provide  more  direct  agricultural  income  each  year  of  about 
C6 . 1  million,  and  indirect  income  of  about  $2.^  million.  Annual  equivalent 
economic  costs  of  Phase  2  would  be  about  $8.7  million. 

As  of  the  1980  census,  there  was  a  20-percent  housing  vacancy  rate  in  the 
five  counties  of  the  project  area  (Department  of  Commerce,  1980).   A 
comparable  rate  would  continue  into  the  future  due  to  depressed 
agricultural  economics  and  the  long-term  population  trend  to  move  away 
from  rural  into  urban  areas.   Like  most  rural  areas  in  Montana,  social  and 
medical  services  will  be  difficult  to  obtain.   Phase  2  will  not  affect 
these  services. 
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Costs  of  Phase  2 

Estimated  construction  costs  for  the  three  elements  of  Phase  2  are  as 
follows: 

Element  Cost 


Rehabilitation  and  Betterment  $  14,200,000 

Construction  and  Rehabilitation  68,400,000 

Onfarm  Efficiency  Improvement  $  18,600,000 

TOTAL  $101,200,000 

In  addition,  onfarm  drains  should  be  Installed  as  needed  on  contract  pump 
lands.   USER'S  drainage  investigations  show  that  about  $12  million  is 
required  for  onfarm  drains  over  the  next  40  years.   The  drains  could  be 
constructed  through  the  Drainage  and  Minor  Construction  Program. 

Financial  Analysis  of  Phase  2 

The  districts'  ability  to  repay  a  Phase  2  loan  is  demonstrated  by  the  use 
of  a  farm  budget  analysis  (see  Attachment  2  at  the  end  of  this  report). 
This  analysis  shows  that  no  payment  capacity  exists,  as  traditionally 
measured  when  net  farm  income  is  reduced  to  operator  and  family  labor, 
return  to  management,  and  return  to  equity.   However,  the  landowners  can 
repay  the  loans  if  they  are  willing  to  obligate  part  of  their  disposable 
income,  the  average  disposable  income  being  $19,500  per  farm  (Attachment 
2).   Allowing  the  Department  of  the  Interior  standard  of  $18, 108  for 
family  living,  the  average  yearly  payment  would  be  $1 ,392  per  farm,  or 
$4.67/acre  (based  on  298  irrigated  acres/farm).   This  level  would  limit 
rehabilitation  of  the  system  to  the  Rehabiliation  and  Betterment  element 
of  Phase  2. 

The  irrigators  want  to  financially  integrate  complete  rehabilitation  of 
the  system  (Phase  2)  into  the  Pick-Sloan  Missouri  Basin  Program  (P-S  MBP). 
The  cost  of  the  rehabilitation  exceeding  the  willingness  of  irrigators  to 
pay  would  be  repaid  by  P-S  MEP  power  revenues.   Integration  would  r  quire 
Congressional  authorisation. 
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The  P-S  M5P  program  was  initially  established  as  a  nulti-objective  plan 
for  flcod  control,  irrigation,  power,  fish  and  wildlife,  and  navigation. 
Hydropower  and  flood  control  aspects  of  the  plan  have  been  developed  with 
success.   ?-S  MB?  called  for  137  irrigation  units  to  serve  over  5  ncillion 

ores  of  land,  but  only  12  percent  of  the  land  has  been  developed  for 
full  service  and  less  than  3^    percent  for  supplemental  water  supplies, 
liontana  has  received  irrigation  development  of  i]7,7B2  acres  of  the 
proposed  967,130  included  in  the  original  plan,  or  about  5  percent. 

DESCRIPTION  OF  PHASE  3 
(Virgelle-Kilk  Canal) 
Phase  3  wss  formulated  to  provide  water  to  users  that  would  otherwise 
ejxerience  water  shortages  after  Phase  2  is  implettented  (see  Table  4.1). 
These  include  the  landowners  with  junior  water  rights,  the  Fort  Belknap 
Reservation,  Bureau  of  Land  Hanagement  stock'water  ponds,  Bowdoin  National 
Wildlife  Refuge,  new  users  along  the  proposed  Virgelle-Milk  Canal 
(private  and  on  Roci-ry  Boys  Reservation),  and  coramunities  along  the 
Milk  River. 

Three  canal  capacities  were  evaluated:   230- ,  200- ,  and  175-ft3/s.   A 
230-ft^/s  canal  would  provide  water  to  all  of  the  above  users,  so  it  is 
the  "Preferred  Canal  Alternative".   A  200-rt^/s   canal  would  neet  the 
needs  of  users  except  for  private  landowners  along  the  canal,  while  a 
175-ft-'/s  canal  would  deny  private  landowners  along  the  canal  as  well  as 
the  Rocky  Boys  Reservation. 

The  D'.'RC  and  Milk  River  irrigators  are  considering  leasing  storage  in  a 
proposed  reservoir  in  Alberta  as  an  alternative  source  of  supply,  as 
mentioned  above.   This  report  focuses  only  on  plan  selection  for  the 
canal  alternative  for  Phase  3>  since  the  Canadian  reservoir  is  beyond  the 
scope  of  this  study.   Planning  documents  were  prepared  for  Phase  1  and  2 
by  the  responsible  entities,  as  were  the  NEPA  compliance  documents.   HEPA 
coitpliance  for  Phase  3  will  be  done  with  a  Planning  Report/Draft 
Environmental  Statement  (PR/DES)  that  will  be  prepared  when  the  PFWD  is 
finalized . 
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Vir,p:elle-Milk   230-ftVs   Canal    Alternative 
(Pret'erreo   Canal   AlternativeT 

Features   of  230   ftVs   Canal   Alternative 

i-'ain   features   of   the  230    ft^/s   Canal   Alternative  would   be    the   p'jmping   plant, 
canal,    distribution  and    drainage   facilities   for   canalside    irriration 
(private   irrigation   and   on    the   Rocky   Boys   Reservation)    and    drainage 
facilities   Vor   lands   irrigated  with    junior  water  rights. 

Pumping   Plant. --An   infiltration   gallery  pumping   plant   with   23C-ft-7s 
capacity  would   be   located    1/2   mile  upstream  of   Boggs   Island    on    the 
Missouri   Eiver.      A  66-inch   diameter   discharge    line    1  ,500    feet   long  would 
convey  water   from   the  pumping   plant   to  a   surge    tank   on   top   of   the   bluff 
that   parallels   the   river  at   this   point,    a   static   lift   of  200    feet.      A   system 
to   backfiush   sedicent   fro.^l   the   gallery   would   be    included   in   the   design. 

The   infiltration   gallery  would   consist   of  a   plot    (660    feet    by   310    feet) 
excavated    from    the   bottom   of    the   river   and    filled   with    gravel.      \Jell 
screens  would   be   laid   horizontally   in   the   gravel    bed.      l.'ater  would    be   drawn 
from   the   river  bottom   and    filtered   through   the  gravel,    elirtinating   the 
transport   of  weed   seeds,    a   primary   concern   of   the   residents   in    the   canal 
area.      This   design   would   also  have   little   effect   on    the   fishery   after 
construction,    as   the  water   velocity   at    the   inf iltr-ation   gallery   would    be 
less   than    .02  ft/s. 

The  pumping  plant  would   be    located   in   a  segment   of   the  I'issouri   River 
designated   as   part   of   the   National   V.'ild   and   Scenic   River  System    ,    v/hich 
preserves   the   river   in    its   free-flowing  condition.      The  segment   of   the 
river   from  Fort   Benton   to   Coalbanks   Landing   is  managed   from   bank-to-bank   by 
the  Bureau   of   Land   Management   and    the  Montana   Department   of   Fish,    V?ildlife 
and   Parks    (see   Figure   ^.3)-      Downstream   of  Coalbanks   Landing,    the   river  is 
managed   from   rim-to-rim.      This   means   upstream  of  Coalbanks   Landing   there 
can   be  no  visual    intrusions   from   bank-to-bank   of   the   river.    Downstream  of 
Coalbanks   Landing,    visual    intrusions   are  even  more   strict:      no   visual 
intrusions    from   rlr    to-rim   of   the   bluffs. 
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FIGURE   4.3 
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The  proposed  site  for  the  pimping  plant  is  upstream  of  Boggs  Island  in  the 
section  of  the  river  managed  bank-to-bank.   The  plant  would  be  80  feet  from 
the  north  bank  of  the  Missouri  River  behind  an  existing  railroad  embankment. 
Except  for  electrical  transmission  lines  and  the  surge  tank  on  the  bluff 
behind  the  plant,  facilities  would  be  screened  from  on  the  river.   This 
location  would  also  reduce  noise  audible  to  recreaticnists . 

Reclamation  considered  four  possible  pumping  plant  sites  and  three  designs 
before  deciding  on  the  infiltration  gallery  design  at  the  site  near 
Boggs  Island.   The  infiltration  gallery  design  was  selected  because  it  would 
prevent  the  transport  of  weed  seeds,  cause  little  fish  loss,  minimal  visual 
intrusion,  and  because  of  its  lower  OaM  cost.   The  Boggs  Island  site  was 
selected  to  avoid  impacts  to  recreation  and  the  fishery. 

An  open  forebay  pumping  plant  design  was  not  chosen  at  Virgelle  because 
it  would  have  violated  visual  standards  in  the  area  of  the  river  most 
favored  by  floaters.   The  design  might  have  been  acceptable  at  either  of 
the  Boggs  Island  sites  where  visual  standards  are  less  restrictive,  but 
the  open  forebay  plant  could  transport  weed  seeds  and  would  cause  losses 
of  fish. 

A  submerged  intalce  pumping  plant  design,  drawing  water  directly  from  the 
river  was  also  considered.   The  intake  system  would  consist  of  multiple 
surface  water  intake  screens  placed  2  feet  above  the  river  bottom.   The 
screens  would  be  cylindrical  with  a  2-foot  diameter.   The  plant  would  be 
built  mostly  below  ground;  only  the  tops  of  the  electric  motors,  the 
switchyard  and  electrical  transmission  lines  would  have  been  visible  from 
the  river.   Unfortunately,  this  design  would  have  the  highest  O&M  cost  due 
to  the  annual  precautionary  removal  of  intake  screens  to  prevent  damage 
from  ice  jams  that  frequent  the  Missouri  in  winter.   The  screens  also 
could  prevent  the  transport  of  weed  seeds. 

Canal .--Four  canal  routes  were  evaluated  in  the  Virgelle-Milk  Alternative 
(see  "Canal  Routes  and  Plans  Dropped  from  Consideration"  at  the  end  of 
this  chapter).   'I'he  proposed  route  would  foll:w  the  existing  Burlington 
Northern  Railroaj  line  right-of-way  (ROW)  most  of  the  way  from  the 
Missouri  to  the  :-;ilk  (Figure  ^4  .  ^ ) .   This  route  was  selected  because  it 
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would  cause  the  least  disruption  to  the  local  residents  and  would  have 
the  least  impact  on  the  environrnent . 

The  canal  would  be  ^6   rciles  long  and  require  5  siphons,  along  with 
11  concrete  drop  structures.   The  canal  would  be  about  12  feet  wide  at 
the  bottoni,  U2    feet  wide  at  the  top,  and  7-1/2  feet  deep.   A  total  of 
35  canal  crossincs  would  be  required  to  provide  access  to  local  dryland 
farr.i  operators.   The  canal's  terminal  drop  stinjcture  into  the  Milk  River 
would  require  850  feet  of  50-inch  diameter  pipe,  with  the  water  being 
emptied  into  an  energy-dissipating  stilling  basin.   About  500  feet  of 
channel  would  convey  the  water  to  the  river,  100  feet  of  which  would  be 
protected  by  riprap.   The  total  drop  was  estimated  at  70  feet.   The 
potential  for  including  a  small  powerplant  at  the  drop  will  be  evaluated 
in  the  Planning  Report. 

Electrical  transmission  facilities  would  probably  be  provided  by  a  69- 
kilovolt  line  from  a  substation  at  Big  Sandy  to  the  pumping  plant  (a 
distance  of  16  miles).   An  auto  transformer  would  be  required  at  the 
pumping  plant.   Tne  Hill  County  Electric  Cooperative  is  presently 
interested  in  sharing  in  the  cost  of  the  substation  and  distribution 
line,  but  will  probably  begin  construction  of  its  own  facilities  in  the 
next  year  or  two. 

One  of  the  primary  concerns  of  Big  Sandy  area  residents  is  that  a  canal 
through  the  area  would  increase  seeps  occurring  in  this  dryland  area. 
Three  methods  of  controlling  seepage  from  the  canal  were  evaluated  in  the 
canal  design: 

1.  No  lininr,  with  toe  drains  installed  as  needed  along  both  sides  of 
the  canal  to  collect  seepage:   drain  water  would  be  pumped  back  into  the 
canal . 

2.  Membrane  lining,  with  toe  drains  installed  as  needed  in  areas 
with  high  water  tables  (the  tr.e  drains  would  protect  the  lining  when  the 
canal  .   is  no  wr'ter). 


i<-23 


3.   Conipacted-earth  lining  with  toe  drains  installed  as  needed  in 
areas  with  hi^h  water  table. 

Of  the  three  lining  options,  the  membrane  lining  method  was  selected  to 
ensure  that  seeped  areas  would  not  increase.  No  lining  with  toe  drains 
was  the  least  costly,  the  coopacted-earth  lining  the  most  costly. 

Canalside  Irrigation  Facilities. — About  6,600  acres  would  be  irrigated 
along  the  Virgelle-Hilk  Canal  (3,300  acres  on  the  Rocky  Boys  Reservation 
and  3,245  acres  of  private  land).   Isolated  areas  and  fields  smaller  than 
20  acres  were  not  considered  economical  to  serve  and  typically  were  not 
included  in  the  project.   It  was  assumed  the  land  would  be  sprinkler- 
irrigated  because  most  irrigable  land  is  located  above  the  canal  and  is 
widely  scattered. 

The  lateral  system  for  canalside  irrigation  was  sized  according  to  a  peak 
delivery  rate  of  1  ft^/s  per  ^8   acres,  derived  by  using  a  2-inch/foot 
waterholding  capacity  of  the  soil  and  a  i^-foot  root  zone.   Sprinklers 
would  operate  22  hours  daily,  with  farm  efficiency  assumed  to  be 
75  percent.   The  average  annual  crop  irrigation  requirement  (CIR)  for  the 
project  area  was  determined  to  be  14.83  inches  of  water. 

Estimated  distribution  and  drainage  system  costs  are  as  follows: 

Summary  of  Costs 

Rocky  Boy's  Reservation      Private  Irrigation 
Feature  Construction  Costs         Construction  Cost 

(3,300  acres)  (3,245  acres) 

Pipe  Laterals,    Punps  and 

Electric  Transmission  $4,800,000   V  $3,700,000   U 

Drainage  3,400,000   2/  3,900,000   2/ 

Total  $8,200,000  $7,600,000 

1/   Includes   10   percent   unlisted   items,   25   percent   contingencies, 

30   percent   indirects. 

2/   Based   on   $51 ,000/mile    ( $31 ,944/mile   for   labor   and  materials,    10   percent 

unlisted   items,    25   percent  contingencies,    and   25   percent   indirects.) 
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Drain  spacing  requirements  were  determined  for  individual  parcels  of 
land.   About  136.5  miles  of  drains  would  be  needed  (66.5  miles  on  the 
Rocky  Boy's  Reservation  and  70  miles  on  private  land).   Reclamation 
experience  on  other  projects  show  these  drains  would  be  needed  from  5  to 
50  years  after  the  beginning  of  irrigation. 

Drainare  Facilities  for  Junior  V.'ater  Rirhts  Land. --Drain  spacing 
requirements  v.'ere  also  determined  for  all  land  irrigated  outside  of  the 
Milk  River  irrigation  districts.   About  5^0  miles  of  drains  would  be 
required  on  the  25,000  acres  irrigated  under  these  junior  water  rights. 
Eased  on  Reclamation  experience,  these  drains  would  be  installed  over  the 
next  ^0   years  as  needed. 

Miti.F.at-cn. — The  U.S.  Fish  and  V'ildlife  Service  (USFV/S)  estimated 
288  acres  of  native  rangeland  would  be  affected  by  construction  of  the 
Virgelle-Milk  Canal.   To  nitigate  loss  of  this  habitat,  about  362  acres 
of  cropland  would  be  reseeded  within  the  rights-of-way  (ROW)  to  create 
new  rangeland.   Mitigation  for  canal  impacts  would  therefore  be 
accomplished  within  the  ROW.   Since  these  costs  are  included  in  canal 
construction,  there  is  no  separable  cost  for  mitigation.   (See 
"Coordination  with  USFWS"  in  Chapter  6  for  details.) 

The  proposed  irrigation  of  canalside  lands  (including  the  Rocky  Boys 
Reservation)  would  cause  the  loss  of  1,315  acres  of  native  range. 
Recommendations  to  manage  part  of  the  Lonesome  Lake  area,  about  5  miles 
northwest  of  Big  Sandy,  have  been  developed  (Chapter  6).   The  area  is 
presently  grazed  under  lease  from  ELM.   As  the  Federal  Government  owns 
14,596  acres  around  Lonesome  Lake,  no  land  need  be  acquired,  although  some 
grazing  rights  might  have  to  be  purchased.   Management  costs  have  not  yet 
been  determined  but  are  assumed  to  be  relatively  minor  compared  ''■o  other 
project  costs. 

Effects  of  230  ft^Vs  Canal  Alternative 

Water  Supply. — Phase  2  wat,  assumed  to  be  n  place  prior  to  construction 
of  th',  Virgelle-Kilk  Canal.   The  Milk  Rivvi  Project  Irrigation  districts 
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and  contract  pumpers  should  have  enough  water  after  Phase  2  is  implemented. 
Enforcement  of  water  rights  in  the  basin  will  improve  the  districts'  water 
supply  even  more  (see  Table  4.1).   Data  from  measuring  devices  installed  as 
part  of  Phase  2  will  be  used  to  check  the  projected  water  savings. 

The  Virgelle-Milk  230  ft^/s  Canal  was  sized  to  provide  water  for  the 
regaining  needs  in  the  basin: 

Landowners  with  junior  water  rights 

Fort  Belknap  Reservation 

Municipalities 

Bowdoin  Rational  Wildlife  Refuge 

BLM  stock  ponds  (on  tributaries) 

Canalside  landowners  (Rocky  Boys  Reservation  and  private  irrigation) 


A  230-ft3/s  canal  could  provide  a  maximum  of  U.IOO  acre-feet  per  month. 
The  landowners  with  junior  water  rights,  Fort  Belknap,  and  canalside 
landowners  would  receive  a  full  water  supply,  defined  as  a  water  shortage 
not  to  exceed  50  percent  in  any  1  year  or  100  percent  in  any  10-year  period 
(see  Table  4.3) • 
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Table  4.3 
DEH-^ND  AND  SHORTAGES  AFTER  PHASE  3  IS  IMPLEMENTTED 


Average 

Annual  Average  Annual  Maxunum  Water        10-Year 

Dgnand  Water  Shortage  Shortage  (1984)   Total  %  Shortage 
(acre-feet)      (%)  (%) 

Districts  and  Contract 
Pumpers  U  299,600         3  13  68 

Landowners  VN^th 

Junior  Water  Rights    44,400         4  50  92 

Fort  Belkxiap  Reservation 

56,300        3  50  92 

Canalside  10,300         1  50  92 


U       District  and  contract  pumpers  are  not  provided  water  under  Phase  3.  Their  shortages 
are  reduced  to  udthin  Reclamation  shortage  guidelines  through  implementation  of  Phases  1 
and  2. 
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The  average   nonthly   delivery  would   be   divided   among  the  users   as   follows 
during   the  5-nonth   irrigation   season: 


^■feter  User 


Fbrt  Belknap  Reservation 
Landowners  wi^n  Junior 

V^ter  Ri^t 
Canalside  Landoners 

Lake  Bowdoin 
Ilmicipalities 

Ibtal 


Average  Delivery.  Vireell&-!-lill<  230  ft-Vs  Canal. 

(1 ,000  acre-feet)  Average 

April  1/    Mai::   June    July    AuF.    Sept    Ogt  U    Annual, 


0.0 

0.1 
0.0 
2.7 
Jl.O 


6.8 


0.0      0.3        0.9    2.3      0.3      0.0        3-9 


0.6  0.9 

1.3  3.2 

i).8  0.0 

3.0  2.7 


14.2  1.2  0.3  0.1  7.3 

3.7  3.1  1.0  0.2  12.3 

0.0  0.0  0.0  0.0  7.5 

0.0  0.0  6.1  0.0  15.7 

0.2  0.2  O.k 


9.7      7.1        9.0    6.3      7.7      0.2      ^7  A 


%  of 
Total 


15 
25 
16 
3^^ 
1 

100 


1/    Puping  plant  orily  operates  half  of  nonth. 


During  the  dry  years  of  the  study  period,    the  diversions  would  be 

(1 ,000  acre-feet) 
Vster  User 


April      May    June    July      Aug;    Sept    Oct      /Jinual 
(1 ,000  acre- feet) 


Fort  Eelknap  Reservation    0.0 

Landowners  with  Junior 

Vfeiter  Rigjits  0.6 

Canalside  Land  0.0 

Lake  Bowdoin  4.0 

HJ-1  2.2 
llmcipalities 


0.1      2.11      2.5      4.7  0.3  0.0 

4.2      8.0      3.3      4.2  0.1  0.0 

2.0      3.3      3-3      2.6  0.5  0.0 

2.9      0.0      0.0      0.0  6.1  0.0 

14.9      0.0      0.0      0.4  0.0  0.0 
0.4 


Total 


6.8      14.1     13.7    14.1     12.3      7-0    0.0 


Average 

%  of 

Annual 

Total 

10.0 

15 

37 

25.4 

11.7 

17 

13.0 

19 

7.5 

11 

0.4 

1 

68.0 

100 
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Environmental  Effects. -- 

Fish  and  Wildlife. — 

The  pumping  plant  (with  a  capacity  of  230  ftVs)  would  annually  withdraw 
up  to  68,000  acre- feet  of  water  from  the  Missouri  River.   The  intake  would 
be  an  infiltration  gallery  that,  once  in  place,  would  have  no  significant 
effect  on  aquatic  species.   Construction  would  temporarily  disturb  the 
river  bottom  and  the  water  column,  causing  impacts  like  increased 
turbidity.   Standard  construction  safeguards  and  the  proper  timing  of 
construction  activities  v/oulc  niniiize  these  effects. 

PuQping  plant  electrical  facilities  would  incorporate  design 
considerations  that  would  minin:ise  the  possibility  of  electrocuting 
raptors  as  detailed  in  Suggested  Practices  for  Raptor  Protection  on 
Powerlines:   The  State  of  the  Art  in  1931  (Olendorf,  1981). 

Canal  construction  would  necessitate  the  crossing  of  11.9  miles  of  native 
range,  equal  to  288  acres.   3y  seeding  cropland,  land  within  the  railroad 
route  ROW,  362  acres  of  "new"  rangeland  would  be  created.   Mitigation  for 
habitat  lost  to  canal  construction  would  be  accomplished  within  the  ROW 
required  for  the  canal. 

Irrigation  of  canalside  land  would  cause  the  loss  of  1,315  acres  of 
native  rangeland.   It  has  been  proposed  that  the  managment  of  part  of  the 
Lonesome  Lake  area  would  provide  compensation  rangeland  losses.   As  most 
of  this  area  is  Federal,  no  land  acquisition  would  be  required,  so  the 
only  costs  would  be  with  managing  the  grassland  areas  involved. 

The  Preferred  Plan  would  provide  up  to  15,000  acre-feet  of  water  to  the 
Bowdoin  National  Wildlife  Refuge.   Some  water  would  have  to  be  delivered 
in  April,  May  and  September,  outside  the  normal  irrigation  season.   The 
USFWS  has  stated  they  will  accept  delivery  at  this  time. 


a_,2Q 


This  water  would  serve  to  freshen  refuse  pools,  and  restore  waterfowl 
production  to  nornal  levels. 

Endangered  species  in  the  area  include  peregrine  falcon,  black-footed 
ferret  and  bald  eagle.   The  piping  plover,  known  to  nest  along  the 
shoreline  of  Nelson  Reservoir,  is  listed  as  threatened.   Consultation 
with  the  USFV.'S  will  continue  through  development  of  all  three  phases  of 
the  project  to  ensure  that  threatened  or  endangered  species  are  not 
affected. 

Water  Quantity 

The  recommended  instream  flow  requirements  according  to  DNRC  for  the 
Missouri  River  at  the  Virgelle  gauge  are: 


Use 


Recommended   Strearcflow 


Period 


Paddlef ish 


14,000    ft^/s 


May    19  -  July  5 


Side   Channels 
Riffle   Areas 
Goose   f'lesting 
Recreation 
Recreation 
Channel   Stability 


5  ,W0  ft^/s 
4,305  ft3/s 
5,571  ft^/s 
7,470  ft3/s 
5,150  ft3/s 
22,600    ft^/s 


June    1    -    August   31 

Yearlong 

March   15   -   June   1 

May   15  -  July   15 

July   15  -   November   15 

16   days   between 

March   15   and   July   15 


Totaling   these   requirements   and   allowing   for   overlapping   periods   of   time 
yields   the   following  average   monthly   flow   requirement   in   ft^/s.      Note   that 
the   channel   stability   requirement  was   not   included   in   the   average  monthly 
requirements  because   it   is   needed   for  only   a   short   time,    varying  over  a 
H-month   period. 

April  May  June  July  August  September  October 


5,571        9,274      14,000        7,455  5,400 


5,150 


5,150 
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Effects  of  the  project  on  the  capability  of  the  Missouri  River  to  meet 
instream  flow  requirements  for  the  1936-1985  period  are  listed  in  Table  4.4. 
The  preferred  plan  would  release  water  from  Lake  Elwell  (Tiber  Dam)  to 
replace  the  water  diverted  to  the  Milk  River.   Lake  Elwell  was  originally- 
designed  to  provide  228,700  acre- feet/year  firm  yield  to  the  Milk  River 
Project,  none  of  which  is  being  used.   Since  the  maximum  yearly  impact  to  the 
tnstream  flow  requirements  is  73,252  acre-feet.  Lake  Elwell  would  have 
sufficient  water  to  compensate. 

Table  H.H  -  Impacts  to  Misaouri  River  Instream  Flcu  RequiroDSnts 
Due  toVirge  lit  Canal  Diversion  for  the  Historic  Period  of  I936  throu^  1985 

Recccmaajed  Average 
Instreaa  Flow 

Average  Missouri  River  Flow        10,050 

Average  Project  Diversion 

Kininun  Missouri  River  Flow 

Nfeudmin  Project  Diversion 

Diversion  froji  Tiber  Reservoir 

1 .  With  Average  GO  0  0  0  0 
Missouri  River  Flow 

2.  With  Minljajn  0  235  228  235  205  118 
Missouri  River  Flow 


April 

Hav 

June 

July 

Au^jst 

September 

October 

5,571 

9,27'^ 

1'),000 

7,U55 

5,400 

5,150 

5,150 

0,050 

13,390 

21,120 

11,550 

8,iJ3'< 

7,071 

5,2011 

113 

162 

118 

150 

113 

128 

3 

5,708 

6,903 

ij,6n6 

H,027 

t,53'J 

3,99D 

8,057 

113 

235 

228 

235 

205 

118 

0 

Water  Quality.  -  Representative  sites  of  major  land  bodies  in  the 
Milk  River,  Big  Sandy  Creek  and  Rocky  Boy's  Reservation  area  were  analyzed  to 
a  depth  of  10  feet  to  determine  the  potential  to  affect  water  quality  from 
the  introduction  of  soluble  trace  elements.   Samples  were  collected  from 
major  soil  horizons,  with  a  6-inch  minimum  sample  zone.   The  samples  were 
analyzed  in  a  laboratory  to  determine  if  25  trace  constituents/metallic 
elements  were  present  in  detectable  concentrations.   Objectives  of  this 
initial  screening  were  to  identify  trends  in  data  correlation  between  various 
elements  and  soil  types,  and  to  locate  potential  problem  areas  needing 
further  analysis.   After  reviewing  results  of  the  analyses,  selected  sites 
were  resarapled  because  certain  elemental  concentrations  exceeded  expected 
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concentrations  cf  northern  plains  soils.   The  resarcpling  and  analysis  found 
concentrations  of  iron,  manganese,  nitrate,  and  selenium  exceeding  EPA 
drinking  water  standards.   These  concentrations  were  found  only  on  scattered 
sites  on  glacial  till  and  alluvium,  and  thus  were  considered  unrepresentative 
of  most  water  in  the  project  area,  a  conclusion  supported  by  the  water- 
soluble  analysis  which  showed  few  isolated  sites  with  high  concentrations 
that  would  probably  not  seriously  impair  the  use  of  irrigation  return  flows. 

Further,  irrigation  on  water-soluble  trace  element  concentrations  would  be 
limited  on  a  land  classification  basis,  and  by  factors  like  drainage  and 
slope,  which  would  eliminate  most  till  lands  from  the  project.   Data 
indicates  remaining  lands  would  not  cause  any  significant  increase  in 
concentrations  from  return  flows. 

Five  surface  soil  sites  representative  of  diverse  conditions  were  sampled 
for  pesticides.   The  sites  included  dryland,  irrigated,  return  flow 
surface  drain  and  wetland  (Bowdoin  National  Vr'ildlife  Refuge)  areas. 
Pesticide  analysis  was  an  organic  scan  for  farm  chemicals  used  in  the 
area.   Samples  were  collected  during  three  sampling  periods  (April,  June, 
and  October)  in  order  to  ensure  detection  of  the  compounds  during  v;ater 
application,  plant  uptake  and  runoff  from  irrigation  and  storm  events. 
Laboratory  analyses  indicated  all  pesticide  concentrations  except  Picloram 
(Tordon)  ,  ranging  from  1.0  micro  grams/gram  (ug/g)  of  Triallate  at  the 
Laredo  nonirrigated  site  to  30.6  ug/g  for  Dicamba  (Banvel)  at  the  Laredo 
irrigated  site  (see  the  Hydrology  Appendix).   All  October  samples  were 
below  detection,  indicating  persistence  in  the  soil  (and  drain  water)  to 
be  nonexistent  within  a  growing  season.   Thus,  pesticide  impacts  to  water 
quality  from  project  development  would  be  insignificant. 

Cultural  Resources.  -  A  Class  III  cultural  resource  inventory  was 
conducted  by  archeological  consultants.   Fourteen  prehistoric  and 
historic  sites,  of  which  three  were  recommended  as  eligible  for  listing 
on  the  National  Register  of  Historic  Places,  will  be  affected  by  the  canal 
route.   Two  sites,  including  stone  circles  with  rock  cairns  and  cultural 


material  scatters,  are  in  a  direct  line  with  the  intake  of  the  river, 
within  the  first  mile.   Parts  of  the  other  site,  the  Great  Northern 
Railroad,  were  previously  recorded  as  a  historic  site  (2'^CH585  -  also 
designated  2'JHL369  in  Hill  County),  has  been  found  eligible  by  the  Montana 
State  Historic  Preservation  Office  (SHPO).   The  railroad  has  been 
designated  eligible  for  the  National  Register  as  a  historic  district. 
The  proximity  of  the  canal  route  to  the  railroad  will  result  in  visual 
effects  to  the  eligible  district,  as  well  as  physical  effects  wherever  it 
crosses  the  railbed. 

Cultural  resources  on  access  roads,  borrow  areas,  construction  staging 
areas,  unplowed  lands  to  be  irrigated,  and  areas  were  the  canal  route  was 
changed  from  the  1985-86  cultural  resource  surveys,  will  be  inventoried. 
Reclanation  will  consult  with  SKPO  on  the  eligibility  of  any  finds  and  on 
possible  mitigation. 

Social  Effects.  -  Social  effects  of  project  alternatives  were 
evaluated  using  the  following  social  factors; 

1.  Farms  crossed  by  canal. 

2.  Concerns  about  canal  seepage  and  weed  spread. 

3.  Employment. 

4.  Population  change  -  during  construction  and  resulting  from  project. 

5.  Income  -  during  construction  and  resulting  fi'om  project. 

6.  Housing  during  construction. 

7.  Project  costs. 

8.  Public   facilities   and    services   during   construction. 
9-  Indian   acreage   irrigated   by   plan. 

A  summary  matrix  of  social  effects  is  provided  in  the  next  chapter,  along 
with  a  table  summarizing  the  results  of  a  Ilulti-Attribute  Tradeoff  System 
(MATS)   analysis  made   on   five  social   factors. 

Canal   Impacts.    -   Several   social   concerns   revolve  around   the  number  of 
farms   -  svered   by   the   canal,    cariai   seepage,    and    th-^   spread   of  weeds.    The 
railrc?d   route  was  suggested   by   residents    in   the   project   area   since   it   that 
would   disrupt    the   fewest    farming  operations.      The    route  would    require 
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crossing  of  another  1?  fErms  beyond  those  crossed  by  the  railr-oad.   A  total 
of  35  bridges  would  be  built  at  existing  railroad  or  natural  crossing  sites 
to  nitigate  the  potential  long-term  disruption.   There  would  be  a  certain 
anount  of  inevitable  Inconvenience  and  disruption  during  the  construction 
period. 

The  canal  wi]l  be  lined  v.-ith  plastic  membrane  lining.   According  to  a  '9o7 
Reclamation  study,  seepage  from  the  canal  will  be  so  insignificant  that  it 
will  not  be  detectable  when  superimposed  on  the  natural  groundwater 
(Reclanation ,  1937).  W.ere   groundwater  is  naturally  above  the  canal  grade, 
toe  drains  will  be  used  to  lower  it  enough  to  prevent  damage  to  the  lining 
when  the  canal  is  not  in  use. 

Potential  transfer  of  weed  seeds  from  the  Missouri  River  and  weed  control 
measures  along  the  canal  right-of-way  are  prime  concerns.   Reclamation  is 
planning  an  infiltration  gallery  pu.mping  plant  intake  for  the  project  which 
would  effectively  eliminate  the  transport  of  weed  seeds.   A  number  of  proven 
techniques  could  be  utilized  to  control  weeds  along  the  canal,  including 
spraying  after  earthwork  is  done,  replanting  the  ROW  with  native  grasses,  and 
periodically  spraying  and  mowing  grass  waterways. 

Population.  -  Population  changes  due  to  the  project  would  accrue  only 
during  the  P-year  construction  period.   The  total  population  increase  is 
estimated  to  peak  at  about  290  people,  based  on  MATS  (see  Table  5.2). 
Project  construction  would  take  place  in  Hill  and  Choteau  Counties. 
Several  communities  in  the  area  could  absorb  the  extra  people: 
Great  Falls,  Havre,  Fort  Benton,  Chinook,  or  Big  Sandy.   It  is  assumed 
that  residual  agricultural  jobs  created  by  the  project  would  be  absorbed 
by  the  unemployed  and  underemployed  in  the  area,  with  no  permanent 
population  increase. 

Employment  and  Inconie.  -  MATS  projects  that  direct  onsite  employment 
would  peak  at  about  180  jobs,  of  which  about  70  would  be  available  to 
Fort  Belknap  and  Rocky  Boys  Reservation  tribal  members.   Annual  adjusted 
direct  earnings  (earnings  less  welfare  losses)  during  the  construction 
period  would  be  about  $6-8  million.   It  Is  estimated  that  about  $2.7 
oillion  of  these  earnings  would  accrue  to  tribal  employees. 
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Average  annual  increased  arriculturai  incor;e  Ibot-h  dire-ct  ir.d  ir;di:"-ec;: ) 
i-esulting  fvcu   the  project  would  be  about  ^'3.2  million.   It  i:  ectiratoa  that 
about  .V2.2  cillicn  of  this  incoce  v.-ould  accrue  to  triral  .-■^.i.be/s . 

Average  annual  sgricultural  6r.plcy:,,cnt  Kould  increase  by  about  '-,3   full-tizje 

Gbs  would  be  on  tribal  lands. 

Hoasin-.  -  It  is  estiir.atea  that  about  60  additior',al  housing  ur.its  Kill  be 
requi.^ed  during  the  conscructicn  period,  as3u:;ing  tnat  50  percent  of  the 
in:por'ted  labor  -.vill  bring  temporary  housing  ■.■.•it;:  then.   As  noted  above,  there 
are  several  coununities  v:hich  could  absorb  the  additional  ce:.,and  v;ithout 
undue  stress.   Most  counties  in  the  area  have  vacancy  rates  around  20  percent 
as  of  the  1930  census,  and  it  can  be  assur;ed  that  rates  are  at  least  as  high 
as  of  this  writing,  due  to  the  continued  depressed  state  ^f  rural  econorjies. 
V.o   additional  housing  needs  are  anticipated  following  the  cons ti^uction 
period. 

Facilities  and  Services.  -  The  te.Tporary  population  increase  would  not 
create  an  undue  burden  en  Dost  existing  facilities  and  services.   However, 
the  area  is  typical  of  rural  areas  in  this  region,  in  \jhich  provision  of 
social  and  rr.edical  services  is  difficult  due  to  distances  traveled  and 
restricted  social  and  cultural  opportunities.   Therefore,  increased  desiand 
for  uiedical  and  dental  facilities  could  be  anticipated  during  the  2-year 
period.   School  systeas  in  the  area  should  have  capacity  to  accor-nodate  the 
expected  peak  of  about  100  additional  students,  due  to  long-ter.T  population 
losses  in  liost  areas  of  the  region. 

Project  Costs.  -  Construction  and  operation  of  facilities  under  the 
Preferred  Plan  would  impose  increased  costs  on  area  irrigators.  Total  annual 
equivalent  economic  costs  are  estic,at<.-d  at  about  i'h.^   million,  with  about 
<?^  .5  million  of  this  amount  accruing  to  the  Rocky  Boys  and  Fort  Belknap 
Reservations  (see  the  "Economic  Analysis"  below).   Fiowever,  the  reservation 
capital  costs  would  be  deferred  under  the  Leavitt  Act  of  1932,  as  long  as 
the  land  remains  in  Indian  oimership. 
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Indian  Lands.  -  The  Preferred  Plan  includes  the  irrigation  of  9,350 
dryland  equivalent  acres  on  the  Fort  Belknap  Reservation  and  3i300  acres  on 
the  Reeky  Boy's  Reservation. 

Costs  of  230  ft^s  Canal  Alternative 

Constructicn  Costs.  -  The  January  198?  costs  for  the  Virgelle-Milk  230- 
ft^/s  canal  are  shown  on  Table  -'^.5.   The  total  cf  $88,000,000  includes 
$i)!4  ,000 ,000  for  the  pumping  plant  and  canal,  $16,000,000  for  distribution  and 
drainage  systems  for  canalside  land,  and  $28,000,000  for  drainage  facilities 
for  land  irrigated  with  junior  water  rights.  Construction  of  the  drains  will 
be  deferred  until  needed. 

Operation,  Maintenance  and  Replacement  Costs.  -  The  annual  OH&R  for  a 
230-ft-^/s  pumping  plant  at  Boggs  Island  and  4?  miles  of  canal  to  the  Milk 
River  is  estimated  to  be  $130,000. 

Project  energy  requirements  include  1M,  160,000  kV.'h  for  pumping  an  average 
of  ^47,100  acre- feet  per  year  from  the  Missouri  River  and  2,730,000  kV.'h 
for  pi'oviding  10  feet  of  total  dynamic  head  (TDH)  at  each  irrigation  pivot 
for  canalside  lands.   This  energy  would  be  provided  at  Pick-Sloan  Missouri 
Basin  rate  of  2  1/2-mills/kWh. 

In  addition,  the  operators  would  pay  for  energy  to  provide  45  psi  to  each 
sprinkler  at  a  rate  of  51  mills/kWh  (the  average  rate  charged  by  Montana 
electric  cooperatives). 

The  OMiR  costs  for  the  canalside  irrigation  distribution  systems  were 
estimated  on  per-acre  costs  based  on  similar  OM&R  studies. 
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Table   '1.5 
COIJSTRuCTIOU"  CC3T   FOR  VIRGELLE-MILL:   230    x't^/s   CAHAL   ALTERNATIVE 

( P ref e r red  /.  1 1 •:■  rr.ati ve ) 
(January    1957   Prices   Hounded) 


?'j:ipir.3  Plant 

Ccffercar.i 

Di5charc:e   Lir.e   and   Surge   protection 

Canal 

Ternir.al   Drop 

Siphons 

Drop  Structures 

Toe  Drains 

Canal   Crossings 

Transmission   Facilities 


Cro: 


Drainaf'e 


llobilization 

Subtotal    (Rounded) 
Canal  side   Distribution   System  2/ 
Drainage  Syster.s 

-  Canaj  side   2/    2/ 

-  Landowners   v."ith   Basin   Junior 

VJater   Hi^hts  V 
Total    (Rounded) 


0  6,066,000 

2714  ,000 

1  ,^06:300 

22,871 ,000 

625,000 

3,^19,000 

696,000 

715,000 

1,753,000 

1  ,930,000 

2,2  25,0  00 

2,000,000 

e4n,ouO,ooo  2/ 

3,500,000 

7,300,000 

23,000,000 
$38, 000, 000 


\J      Riaht-cr-v;ay  costs  are  included  in  the  cost  of  facilities.   Also 

includes  10  percent  unlisted  itens,  25  percent  contingencies, 

30  percent  incirects. 

2/   Includes  private  irrigators  and  Rocky  Boys  Indian  Reservation. 

^/  To  be  deferred  5-30  yeai-s. 

y  To  be  deferred  1-';0  yoai^s. 


Itc-m 


/.p.nual   Cost 


Canal   and   Purripinc  Plant 

Energy   (r.ain   p'onping  plant) 
Subtotal 


iocky   Boys   and   Canals ide 
Irrigation   Systen 
Energy    (Distribution   Cyste.-) 
Subtotal 
Total    (Rounded) 


$  135,000 

7  ,000  ?J 
1M5,000 
t   310,000 


1/   iJ7.100  acre- feet  x  220  foot  TDH  x  1.025  =  1^4,150,000  k\;'n  at 
2  1/2-cills   .75  efficiency 

2/  2,730,000  kV;h  to  provide  10  feet  of  TDH  at  pivot  at  2  1/2-nills 
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Ecor.onic  /.r:?.:  v^i.-^  of  230  ft^/s  Canal  Alternal :  v& 

The  econcnic  analyui^  for  the  230-ft-/s  Vii'celle-Kilk  Car.al  Alternative 
is  di.-played  in  Table  4.6.   More  detailed  explanticn  of  the  deriv£tic;i  of 
ber.efits  is  presented  in  Attachrx-nt  2  at  the  end  of  this  report. 

Ccnstructjcn  costs  induce  the  canal,  pur.:;i:,£  plant,  and  ci:- tribut  icn 
systeD  for  canalside  irrigation  based  on  January  19c7  costs.   The  cotal 
inver:t:;.ent  costs  v.-ere  converted  to  an  annual  ecuivalont  based  on  S-t/£ 
percent  interest  arid  a  1"G-year  pei-icd  cf  analysis. 

Drainage  reeds  were  evaluated  fcr  canalside  lanes  and  lanes  irrigated 
with  junior  vater  rights.   V'ith  good  n.anagernent  and  prcpei^ly  designed 
onfarm  irrigati^on  systems,  it  is  expected  that  drainage  requirements  for 
canal  sict-  acres  can  be  deferred  5  years  and  then  te  installed  over  the 
folloKing  25-35  years.   Drainage  installations  on  lands  v.'ith  junior  v;ater 
rights  \;ill  begin,  the  first  yeai"  appropriation  areas  are  available  fcr 
the  project  and  continue  over  the  next  ^0   years. 

Opportunity  cost  cf  pouer  is  the  r^arginal  cost  of  project  p-ai.)pin£  and  v:as 
computed  as  the  variable  cost  cf  replacing  pov:er  iv'ithcrawn  fron  su!r;Eer 
users  of  the  Fick-Sloan  Missouri  Basin  Frcgraj^.   The  eccncEic  cost  of 
power  is  22.2  ir.il Is  per  kV-h. 

Interest  curing  construction  was  calculated  based  on  8--5/3  percent 
Gonipounded  annually  for  a  2-year  construction  period. 

The  annual  irrigation  benefit  for  a  full  water  supply  is  estimated  to  be 
$1^12  fcr  each  acre  (see  Attachment  2  for  details).   Canalside  lands  are 
currently  dryland  fai^ied.   Therefore,  the  benefit  is  J.^o?)  ,000/year  for 
irrigating  3,300  acres  on  Rocky  Boys  F.cservation  (3,300  acres  x 
$l42/acre)  and  O'JSl  ,000/year  for  irrigating  3,2^5  acres  of  private 
canalside  lands  (3,2''t5  acres  >:  $1il2/acre). 

This  sane  benefit  value  was  clainied  ^  3r  the  25,000  acres  with  junior  wa<  er 
rights.   These  lands  arc  presently  irrigated;  hcv.'cver,  when  water  I'ight 
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Table  4.6 

BEKEFIT-COST  ANALYSIS 

VIRGELLE-MILK   230    ft^/s   CAtlAL   ALTERNATIVE 

(Preferred  Plan) 

(Annual  Equivalent  Values) 

Costs 

Construction  \J  $4,529,000 

Drainage  2/  844,000 

Interest  During  Construction(IDC)  y  399,000 

Economic  Cost  of  Energy  4/  333,000 

OM&R  5/  313.000 

TOTAL  Costs  $6,418,000 

Benefits 

Irrigation  6./  $5,879,000 

Fish  and  Wildlife  (Lake  Bowdoin)  7/  122,000 

Bureau  of  Land  t'anagenent  Stockponds  8/  72,000 

Unemployment  2/  15  9,000 

Municipal  and  Industrial  37,000 

TOTAL  Benefits  $6,269,000 

Net  Benefits                                    -  $  149,000 

Benefit-Cost  Ratio  .98 

1/  Construction 

Canal  and  pumping  plant  $44,000,000  x  .08627)  10/  $3,796,000 

Canalside  Dist.  ($3,700,000  x  .08627)  319,000 

Rocky  Boys  Dist.  ($4,800,000  x  .08627)  414,000 

$4,529,000 

2/  Drainage 

Canalside  Drainage    ($3,900,000   divided   by 

25  years  x  10.12867   U/  x    .66122   IM/   x    .08627)  $       90,000 
Rocky  Boys  Drainage    ($3,400,000   divided   by 

25  years  x   10.12867   M/  x    .66122   \\J   x    .08627)  79,000 
Pumpers    ($28,000,000   divided    by  40   years 

x   11.17051    11/   X    .08627)  675,000 

$     844,000 

y     IDC  ($52,500,000  construction  cost  x  .088  x  .08627)  $  399,000 

4/  Energy  (16,890,000  kwh  x  $.0197/kV,'h)  333,000  5/ 
5/   OM&R 

Canal  and  Pumping  Plant  130,000 

Canalside  Dii,tribution  60,000 

Rocky  Boys  Distribution  70,000 

Energy  (18,066,000  k\Y'h  x  $.0025/kWh)  45,000 

$  313,000 
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5/ 


rigaticn 

Rocky  Zoy'5   Rc-z-ervaticn    (3,330   seres   v   iV^Z/zcre)    t     't69,COa 
rr-ivate  Canalcice    (3,2^i5   acres   x   ."L  i  ^2/acrc-)  ^161,003 

Fcrt  Pelkr.ap    (9,350   acres   x   i1^2/r.cre}  1,399,000 

Jiiiiicr  ::a\.er   hi^iiLs    (25,000   acr-vs    :■.    ti^2/acre)  3  ,550,000 

$5,379,000 


7/      Fish   and   •..'iliiife 

OMiR   (12,700   acre-feet   >:   $3  •72/acre-fcct) 
Energy    (i  2,700   acre-feet   x  220'    TDH)    x 
.75   efficiency 
1.025   x   5.0197) 


*        ^7,000 

75,000 

122,000 


OMOr.   (  I  ,5  00  acre 
Ene rgy   ( 7500   ac- 


,ee; 


'r.   X  220    ac-ft   total   dyr:ai'ic 


X    I  . . 


-.-    •*:  n -,  c 


26,000 
$72,000 


2/      Unamplcy-ent    (d2.,->   constructicn   co5t   in   $1  ,000   x 
.t3,023/S1  ,000,000 


.15  3,000 


1 0/      .03527   is   ar.nualization   factoi'  at   S-5/5   cercem 


1 1/      Deferral   factors   for  dr2inat:,e 


i)-ill 


adjudicaticn  is  enforced,  these  landowners  v.'ould  have  shortages  greater 
than  10  percent  in  6  out  of  10  years.   In  1  out  of  10  years,  shortages  would 
te  over  50  percent.   In  extrenely  dry  years  no  water  could  be  provided  to 
landowners  with  junior  rights;  the  water  supply  would  be  only  adequate  for 
senior  rights.   V.'ithout  an  additional  water  supply  to  the  basin,  tliese  lands 
would  probably  revert  back  to  dryland. 

Even  with  their  reserved  water  right,  the  Grcs  Ventre-Assiniboine  Tr-ibes  of 
the  Fort  Eelknap  Eeservation  would  require  a  suppleruental  supply  fror'  the 
canal  to  provide  a  full  water  supply  to  2^1, 'i  25  acres.   To  deterraine  the 
benefit  for  providing  this  suppleriental  water,  a  dryland  equivalent  acreage 
v;as  used.   (  The  dryland  equivalent  is  the  number  of  acres  that  would  have  to 
be  taken  out  of  production  for  the  rerr.aining  acres  to  have  a  full  water 
supply).   About  9.850  acres  would  have  to  be  tal:en  out  of  production  to 
provide  a  full  water  supply  to  the  rerjaining  14,575  acres.   Tlie  benefit  for 
Fort  Eelknap  Reservation  is  $1,399,000  (9i350  acres  x  $1-'I2). 

Tr.e   Fort  Belknap  and  Rocky  Boys  Indian  Reservations  have  been  designated 
as  "substantial  and  persistent"  uneniployinent  areas  by  the  U.S.  Departmep.t 
of  Cor'.r'.erce.   Unemployment  benefits  were  estinated  on  a  75  percent 
unemploynent  rate  on  the  reservation,  with  50  percent  of  the  unskilled  and 
30  percent  of  the  skilled  construction  labor  jobs  filled  by  Indians. 

The  only  community  indicating  interest  in  ir;unicipal  and  industrial  water 
is  Chinook.   There  is  no  alternative  source  for  nore  i.-ater,  so  Chinook 
requested  iJOO  acre-feet  of  water  fro.-n  the  canal.   Benefits,  determined  by 
the  "use  of  facilities"  method,  average  ^i37,000  annually. 

V.'ater  for  both  Lake  Boi/Join  and  BLM  stockponds  would  be  provided  without 
separable  canal  capacity.   V.'ater  for  Lake  Bowdoin  would  be  provided  before 
and  after  the  irrigation  season.   Benefits  for  the  USFV.'S  and  ELM  were  based 
on  the  incremental  energy  and  OM£cR  costs. 
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Total  annual  equivalent  costs  are  cb.'^lSjOOO.   The  benefits  associated 
with  these  costs  are  $6,269,000,  for  a  -$1^9,000  in  net  annual  benefits. 

Financial  Analysis  of  230  ft-'-/s  Canal  Alternative 

The  payment  capacity  cf  the  land  to  be  provided  a  water  supply  was 
esticated  from  typical  farn  budget  analysis  with  and  without  the  project 
(see  Attachment  2  at  the  end  of  this  report  for  details).   The  computed 
payment  capacity  is  $19.63  per  acre. 

This  payment  capacity  is  the  estimated  annual  amount  the  irrigator  could 
pay  for  repayment  of  project  costs  and  annual  OH&R.   The  costs  of  the 
project  and  OM&R  to  be  repaid  by  each  water  user  group  were  allocated 
based  on  average  use  of  facilities.   For  example,  during  an  average  year, 
8  percent  (3,900  acre-feet)  cf  the  total  diversion  (47,100  acre-feet) 
would  be  pumped  from  the  Missouri  River  for  use  on  the  Fort  Belknap 
Reservation.  The  use  of  facilities  is  as  follows: 


Fort  Belknap  Reservation 

Landowners  with  Junior  Water  Rights 

Canalside  (private) 

Canalside  (Rocky  Boys  Reservation) 

BLH 

Bowdoin  National  Wildlife  Refuge 

Town  of  Chinook 

Total  44,100 

Annual  OM&R  charges  (including  energy)  for  the  canal  and  pumping  plant 
were  allocated  as  shown  below  and  in  Table  4.7,  based  on  use  of 
facilities.   All  water  users  would  pay  their  share  of  OM&R. 


Average 

Annual 

Divers; 

-cn 

(acre- feet) 

3 

,900 

7 

300 

6 

150 

6 

150 

7 

500 

12 

700 
400 
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Annual  CMiR 


Total 


Per  Acre 


Fort  Belknap  Reservation  $  U,300                $  1.45 

Landovjners  with  Junior  V.'ater  Rights    26,700  1.07 

Canalside  Private  22,500                 6.93 

Canalside  -  Rocky  Boys  22,500                6.82 

BLM  stockwater  ponds  27,300 

Dowdoin  National  '.-."ildlife  Fefuge       57,300 

Town  of  Chinook  1  ,400                  — 

Total  .*172,000 

The  total  allocated  costs  are  shown  below.   Costs  allocated  to 

Bov;aoin  liational  Kildlife  Refuge,  ELM  stockwater  ponds,  and  municipal  use 

are  ncnrei  r;bursable;  there  is  no  separable  canal  capacity  for  these 

functions.   Thie  amount  to  be  repaid  by  the  Fort  Belknap  and  Rocky  Boys 

Reservations  v.-ould  be  deferred  under  the  Leavitt  Act  of  July  1,  1932,  as 

long  as  the  land  renains  in  Indian  ownership.   These  entities 

v.'ould  pay  their  share  of  Ol'^-R  energy  costs. 

Total  Allocated  Costs  for  230  ft-'/s  Canal  Alternative 


Canal  and    Distribution   Drainage 
Pumnjn/T  Plant     System       Systen 


Total 


Fort  Selknap   Resei^vation 
Landov.Tiers  with  Junior 

Water  Rights 
Private  Canalside 

Landowners 
Rocky  Boy's   Reservation 
BLM  Stockwater  Ponds 
Bowdoin  Mational 

Wildlife   Refuge 

Total 


$3,643,000    U 

6,820,000   2/ 

5,745,000  y 
5,745,000  y 
7,006,000   4/ 

14,667,000  5/ 
384  ,000  6_/ 
1.4  4,000,000 


3,700,000 
4,800,000 


8,500,000 


0  3,643,000 

28,000,000      34,820,000 

3,900,000      13,345,000 

3,400,000      13,945,000 

7,006,000 

14,667,000 

384,000 

35,300,000    $87,800,000 


1/  3,900/47,100  X  $44,000,000 
2/  7,300/47,100  x  $44,000,000 
1/  6,150/47,100  X  $44,000,000 
4/  7,500/47,100  x  $44,000,000 
5/  15,700/47,100  x  $44,000,000 
6/  400/47,100   X    $44,000,000 
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It  was  assumed  drains  would  be  funded  through  a  sinking  fund  established 
as  part  of  the  repayment  contract.   Irrigators  would  pay  into  the  fund 
annually  and  funds  would  be  used  to  install  drains  as  needed. 

If  the  landowners  with  junior  water  rights  repaid  their  share  of  the  project 
costs  at  the  $19-63  rate,  they  would  repay  the  costs  in  19  years.  If  the 
irrigators  were  authorized  to  repay  the  project  costs  for  40  years,  their 
annual  payment  would  be  $11.55/acre  ($6.82  for  repayment  of  project  costs, 
$1.07  for  OK&R,  and  $3.66  for  a  sinking  fund  to  install  drains  as  needed). 
This  is  shown  in  the  following  tabulation  and  on  Table  4.?. 

Payment  Capacity  $  19-63 

minus  OM&R  1  .07 

minus  sinking  fund  for  drains      3  -66 

Total  Available  for  Repayment      14.90 

$6,820,000  allocated  costs  divided  by  19  years  =  $  359.000/25,000  acres 
$6,820,000  allocated  costs  divided  by  40  years  =  $  170,500/25,000  acres 

$  6.82/acre 

The  costs  for  serving  private  canalside  irrigators  exceed  the  1,'aticnal 
Economic  Development  benefit  for  these  acres.   Therefore,  according  to 
ReclaDiation  criteria,  these  costs  must  be  funded  by  a  non-Federal  entity 
(see  Chapter  5).   The  payment  capacity  of  private  canalside  irrigators 
($19 •63/acre)  is  not  adequate  to  meet  their  OM&R  costs,  but  the  unpaid 
balance  of  these  costs  will  be  assumed  by  the  non-Federal  entity.  Also,  this 
entity  will  pay  the  allocated  canal  pumping  plant  costs  and  drainage 
facilities  costs.   The  following  table  and  Table  4.8  show  the  derivation  of 
the  subsidy  per  acre  required  for  these  lands. 


Per 

Acre 

Allocated  Costs 

$  72-77 

Drainage  Facilities 

3-24 

OM&R 

28.02 

Total  Charges 

$104.03 

Available  for 

Repayment 

19-63 

Subsidy  Required 

84-40 

Total  Annual  Subsidy   $274,000  (rounded) 


4-45 


Table   >i  .7 
YIF.GELLE-MILK   230    ft'/s   CA!;AL   ALTSR-JATJ.VE   YEARLY 
PAYMEUT  CAPACITY    AKD   REIMBURSABLE  C03T3 
('!0-Year  Repaynsnt  Period) 


Payrnent 

Caoacity 

.*/Acre 

a-'^R 
•VAcre 

Available 

for 

Repaj-nent 

A/Acre 

Reimbursable 
Costs 

\feter 
Charr^s 

(000 's) 

$/Aci->3/i)0  Year 

Fbrt  Belkn^  Tribes 

19.63 

1.n5  U 

18.13 

3,643  V 

I>2rerred 

Landowners  with 
Junior  VJater  Fd^ts 

19.63 

1.07  L/ 

18.56 

3i{,823  1/ 

11.53  V 

Canal  ?='.ide  _  Fr-ivate 

19.63 

27.39  2/ 

-      B.26 

13,3^5  1/ 

5/ 

Can? Vide  -  Rockj'  Beys 

19.63 

23.03  1/ 

-      3.'K) 

13,9^5  y 

Deferred 

1/    Derivation  shewn  on  page  4-44 

2/    Canal  QlEJi    *  6.93/acre 

Dist.  aiLR      20.9D/aa-e 

Total         $27.89/acre 

2/    Canal  aiLR    .*  6.32/acre 

Dist.  a-l&r      21.21/acre 

Total         $28.03/acre 

4/    Derivation  shown  on  page  4-45 

5/    The  a^KcR  costs  beyond  the  ability  of  the  irrigators  to  pay  and  the  distribution  syston  cost  will 
be  paid  by  a  non-Federal  entity. 
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Vir--elle-!''.ili:   "^OO-fl-^-?''.?   C?.ri3i    Alt  orn;  tivo 

A   20?-r      ''3   canjil    woilc   r--r\'e   aj.l    W-iter   ur;e;3    excc-pt    the   3i300   acres    irrijj-ite:! 
by   pr-VLt-j  cr-.nalsic'e    Ir.i-do'.vneri- .      This   al  teriiati ve   provides    the  rri>:i:.'.u::i.   n-;-t 
benerit    Tor   the  F-'derT.l    invest:::erit   and    enhances    the   soc-al   v;ell-te:Lr.2  of   the 
Grcs   Venv.re-Assiiubo^  na   and   Ch:.ppev;a-Cr-;e   Tribes    (see  Charter  5    fc:-'   details). 

Feature   of  ^OO-ft^s   Canal   Albe^-nativc 

The  puii.ping  plant   and   canal   kouIg   be    in    the  sanie   location;    the   capacity   yould 
be   reduced  to  200    ft-Zs.      Distribution   and   drainage   systecs   for  private 
canalside    lands  v;ould  not   be   constructed. 

liit  i  ra  tion 

!Iative   rar-geland   affected   by   canal   ccnstructicn  -.vould   be   mitigated   by 
reseedin,3  v.-ithin   the   canal   right-of-way   to   create  new   rangeland.      To  riiitigate 
for   less   of  native    ranr^eland    on    the   Eocky   Boy's    Reservation,    a   portion   cT 
Lonesof.e   Lake  would    be   i.^anaged    for   wildlife. 

The   'JSF'.vS,    as   part  of   the  planning  process,    was   asked   to  evaluate  different 
canal    routes    for   this    I'enort.       It    is    assumed    that    the   inpacts    of   constructing 
the  200-ft^/s   canal   would   be   no  worse    than   for    the  Z^O-ft-^/s    canal    as    tne 
planned   ROW  width   is   the   san.e. 

Effects   of   200-ftVs   Canal    Alternative 


V.'ater  Supply. — The  200-ft^/3   canal   would   provide   the  same  water  supply   to   the 
Milk   River   irrigators   and    Rocky   Boys    Reservation   as    the  230-ft-^/s   canal. 
Shortages   to   the  Milk   River   irrigators  would   be   the   same   as   shown  on 
Table  '1.5.      Private  canalside    irrigators  would   not   be   served. 

Environmental   Effects .--EnviiX)nmental   concerns   about   canalside   irrigation  would 
be   avoided   in   this  alternative.      Other   environmental   concerns  would   be   the   same 
as,    or   slightly   reduced   from,    the   Preferred   Plan.      (See  environmental 
discussion   above   for   the    larger   canal.) 


Social  Effects. — The  social  effects  discussed  for  the  Preferred  Plan  would  be 
similar  for  this  plan.   Hov;ever,  the  construction  costs  of  this  alternative 
would  be  about  13  percent  less  than  that  of  the  Preferred  Plan;  therefore, 
impacts  en  employment,  population,  inconic,  etc.,  during  the  construction 
periol  \;culd  decrease  proportionately.   Similarly,  the  total  annual 
agricultural  income  resulting  from  the  plan  would  be  about  8  percent  less  than 
that  of  the  preferred  Plan,  with  r-  cor.i.erisurate  reduction  in  general  economic 
activity  in  the  region.   Social  effects  are  summari::ed  in  Table  5-2. 

Costs  of  Virgelle-Milk  200-ft^s  Canal  Alternative 

Total  costs  (January  193?  prices)  for  the  200-ft3/s  Canal  Alternative  would  be 
$77,200,000  as  shown  below. 

Pumping  Plant  and  Canal  $  41,000,000 
Drainage  Facilities  for  Landowners 

with  Junior  V.'ater  Rights  1_/  28,000,000 
Rocky  Boys  Reservation  (3,300  acres) 

Distribution  System  4,800,000 

Drainage  Facilities  2/  3,400,000 

$  77,200,000 

1/  To  be  deferred  1-40  years. 
2/  To  be  deferred  5-30  years. 

Operation,  Maintenance  and  Replacement  (OM&R)  Costs 

The  annual  OM&R  costs  are  estimated  to  be  $126,000.   In  addition,  the  pumping 
plant  would  require  an  average  of  12,860,000  kwh  of  energy  per  year  at 
2  -mills  per  klvTi,  or  $32,000  (40,950  acre-feet  x  314  kWh/acre-feet  x 
2.5  mills/kWh). 

Economic  Analysis  of  200-ft^s  Canal  Alternative 

Derivation  of  the  annual  equivalent  costs  and  benefits  is  shown  in  the 
230-ft3/s  Canal  Alternative.   For  the  200-ft3/3  Canal  Alternative,  the  annual 
benefits  ($5,782,000)  would  exceed  the  annual  costs  ($5,475,000),  resulting  in 
a  benefit-cost  ratio  of  1.06  (see  Table  4.8). 
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Table  4.8 

BENEFIT-COST   ANALYSIS 
VIRGELLE-MJL?:   200-ftVs   CANAL   ALTERNATIVE 

(Annual   Equivalent  Values) 

Costs 

Construction  \J  $  3,951,000 

Drainage  2/  675  ,000 

IDC  1/  3^8,000 

Econoaic  Cost  of  Energy  \f  271,000 

OK&R  5/  230,000 

Total  Costs  $  5  ,^75  ,000 

Benefits 

Irrigation  5/  $  5,418,000 

Fish  and  Wildlife  7/  119,000 

BLK  8/  70,000 

Unernploy-ent  9/  138,000 

Municipal  and  Industrial  37  ,000 

Total  Benefits  $  5,732,000 

Net  Benefits  $   307,000 

Benefit-Cost  Ratio  1 .06 

1_/  Construction 

Canal  and  Pumping  Plant  (41,000,000  x 

.08627  annualization  factor)  $  3,537,000 

Rocky  Boys  Dist.    ($4,800,000  x  .08627)  414,000 

$  3,951  ,000 

2/   Drainage 

Pur.pors  ($28,000,000  divided  by  40  years  x 

11.17051  10/  x  .08627)  $   675,000 

Rocky  Boy's  ($3,400,000  divided  by  25  years  x 

10.12867  W  X  .66122  10/  X  .08627)  79,000 

$   754,000 

^/      Interest  during  construction 

($45,300,000   X    .088  x    .08627)  %       348,000 

4/  Energy  (45,700  AF  x  220'  TDH  x  1.025  x  $.0197)         $   271,000 
.75  efficiency 

5/  OM&R 

Canal  and  Pumping  Plant                           $  126,000 

Energy  45,700  AF  x  220'  TDH  x  1.025  x  $.0025  34,000 

.75  efficiency 

P'-cky  Boys  Rese-vation  Distribution  System  70,000 

$  230,000 
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Footnotes ,  continued 

6/  Irrigation 

Junior  Water  Ri£hts  (25,000  acres  x  *.V)2/acre)  $  3,550,000 

Fort  Belknap  (9,850  acres  x  $l42/acre)  1,399,000 

Rocky  Bey's  Reservation  (3,300  acres  x  $liJ2/acre)    ^6Q,000 

$  5,'ll8,000 

7/  Fish  and  Wildlife 

OM&R  (12,700  acre-feet  x  $3 .45/acre-foot)  $    44,000 

Energy  (12,^00  AF  x  220'  TDH  x  1.025  x  ;;-0197)       75,000 

.75  efficiency  $   ^  19,000 

8/  BLfl 

OK&R  (7,500  acre- feet  x  $3 .45/acre-foot  $    25,000 

Energy  (7.500  AF  x  220'  TDH  x  1.025  x  $.0197)        41^000 

.75  efficiency  $ 


10/  Deferral  factors 


70,000 


9/   Unemployment  (45.8  x  $3,023)  $   138,000 
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Financial  Ana.ly 


,r  200- ft -V  J 


;ar;aj.  r.x 


f""--"  =  r .1  v(" 


"he  pay.T.snt  capacity  «a3  develcped  as  discu3;;ed  in  At 


.;ie 


■••-'■  -f  ^■•'~' 


payzici'.t  capacity   is    v'?' 


o  j  ■ 


An   annual   payment   of    01 --1?   by    the   lancov;ner- 


>:ith   j'jnio;'  v/ater   ri^jhts  v.'ould  pay   annual   GMaR    ($1-1?   ft^-'   ccre),    establish   a 
sinkin,[^  fund   for   drains    (vj-fS  pei''  acr^e)  ,    ana    repay   the   reii^'cursat le   cctr. 
($7.31    per  acre)    over  a   nO-yea:"  period    (see  Table   -!.9)-      If   the   rsin^bur^able 
costs  v.-ere  paid   at   a   rate   of    019-63   per  acre    (01^.82   for-   repayrnent,    .-1.15   for 
OMcR  and    .--3.66   for   drainage)    the   repay-,ent   period  v/ould   be  2C   years.    ]_/ 

Kepayr.ent   for   land   in   Indian   ownership  v.'ould   be   indefinitely   deferred   under 
the  Leavitt   Act,    as    long  as   the   land    rexains   in   Indian   ownership. 

Virr-elle-Milk    175-fti/s   Canal    Alternative 


SeclaL:sticn   guidelines   require   that   an   alternative    be   fc-rnulated    that 
na:;iL;i:;es   the   benefits   to   the  nation,    referred   to   as    the   "'.'aticnal   Econon^ic 
Developr.ent"    (HID)    alternative.      The    175-ft-/s   canal   alternative,    -..'hich 
includes   capacity   to   serve   the   Fort   Belknap   Tribes   and   the   lancov;ners  v.'ith 
Junior  v.-ater  rights,    is   the   l.'CD  alternative   in   this   report    (see   Chapter  5). 


Features   of   175-ft'Vs   Canal   Alternative 

Tne  purapin^   plant   and   canal  vere   sized   to   serve   only   the   landovfners   with 
junior  water   rights   and    the  Cros  Ventr'e-Assiniboine  Tribes.      The  pumping  plant 
location  and   canal   route  ifould   bo   the   same  as   the   Preferred   Flan.      Mi ti£at ion 
costs  would   only   include   reseeding  cropland  within   the   canal   right-of-way    to 
create  new   ranr.oland. 


1/      $7,303,900  allocated  costs   divided   by    [.014.32   x  25,000   acres 
$370,500/year]    =   20. 
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Table  4.9 

)0-ft^/s  a 
YEARLY  PAYMENT  CAPACITY  AKD  REIMBURSABLE  COSTS 


VIRGELLE-MILK  200-ft^/s  CAt.'AL  ALTERNATIVE 


Paycent             Available  for  Reimbursable   V'ater 

Capacity     OM&R      Repayment  Costs Charp:es 

($/Acre)    ($/Acre)    ($/Acre)  ($/Acre) 

(for  iiO   Years) 

Landowners  with 

Junior  Kater  Rights     19-63     1.15  1/     18.48  35,309,000  6./  12.12  2/ 

Fort  Belknap  Reservation   19-63     1-57  1/    Deferred  3,905,000  V  Deferred 

Rocky  Boy's  Reservation   19-63    28.58  5/    Deferred  14,357,000  7/  Deferred 

1_/  OMiR  -  7,300/40,950  x  $162,000  divided  by 

25,000  acres  =  $  1.15/acre 

2/  Canal  -  7,300/40,950  x  $41,000,000  divided  by 

25,000  acres  divided  by  40  years  =  $  7-31/acre 
Drainage  -  $28,000,000  x  .00327  (40  years, 

8-5/8  percent  sinking  fund)  =  $  3-66/acre 

Canal  OH&R  $  1 .15/acro 

2/  OM&R  -  3,900/40,950  x  $162,000  divided  by  9,850  acres  $  1.57/acre 

4/  Canal  -  3,900/40,950  x  $41,000,000 

5/  OM&R 

Canal  -  6,150/40,950  x  $162,000  divided  by 

3,300  acres  =  $  7.37/acre 

Dist.  -  $70,000  divided  by  3,300  acres  =  $21.21/acre 

6/  Canal  -  7,300/40,950  x  $41,000,000  =  $  7,309,000 

Drainage  28,000,000 

$35,309,000 

y     Canal  -  6,150/40,950  x  $41,000,000  =  $  6,157,000 

Drainage  3,^00,000 

Distribution  4,800,000 

$14,357,000 
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Effect..-  0-:   'iT--ft.V: 


ir. e1  Alt  ems ti 


-The  ITS-ft-'/s  cansl  v:ould  provide  the  sar.e  vater  supply  as  the 

230-ft3/5  canal  to  the  'liik  Rivei-  irricatcrs.   Private  canalside  landowners 
and  the  Rocky  Boys  Preservation  •.-.•oul :"  not  receive  a  v.-ater  supply. 


Environnent  al  Effects.  —  Environmental  effects  associated  v:ith  the  actual 

construction  of  the  p'ou-pir.^  plant  and  canal  would  be  the  sa::,e  as  the  Preferred 

Plan.  Tor   exai-ple,  i::;pscts  en  historical  sites,  less  of  wildlife  habitat  in 

canal  ROV.',  etc.,  would  not  chanre  based  on  utilizing  the  ss:;?  T.CV.   width. 

Inoacts  caused  by  ir-rif-atins  orivato  canalside  lands  and  Rochy  3cys 


Reservation 


J. anas  w 


ould  be  av; 


.Is  discussed  under  the  2C0-ft-Vs  plan,  canal  routes,  rather  than  capacities, 
were  evaluated  by  the  USFi'S.   Irjpacts  cf  the  scalier  size  -w-ould  be  lihe  those 
of  the  200-ft-^/s  e-3nal. 


Social  Concerns. --The  social  ir 


for  the  200- ft- /s  canal  would  be 


.i.ar 


•5 
to   those   of   the  230-ft^/s   canal.      However,    the   construction   costs   of   this 

alternative  would    be   about  30   percent    less   than   costs   for   the   230-ft^/3   canal; 

therefore,    impacts  on   emplcyr.x-nt ,    population,    incone,    etc,    curins   the 

construction   period  would   decrease   proportionately.      Si-ilarly,    total   annual 

agricultural   incorie   resulting  frcra   the   plan  would    be   about   15   percent   less 

than   that   of   the  230-ft-'/s   canal,    with   a   coniraensurate   recucticn    m  general 

economic   activity   in   the   region.      (See  Table   5.2   in   the  next    Chapter.) 

■5 
Costs  cf   17>-ft-V3   Canal   Alternative 

Total   construction   costs   for   the    175-ft'/s   Canal   Alternative  would   be 
$65,000,000.      The   costs   for   175-ft3/s   canal   and    pa-nping  plant   is    *37,000,000. 
The   costs   for   drainage   facilities   for   landowners   with   junior  water   rights   is 
estirr:ated   as    $28,000,000.      The  drains  will   be    installed   as   needed  over   the 
next   'iO   years. 
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Annual  CMtR  costs  aro  esticated  to  be  .^1^6,000  including  10,927,200  kV.'h  of 
ener-ry  at  2  -nills  per  kV.'h ,  or  02*5,000. 

Econonic  Analvsis  of  175-ft-'V3  Canal 


The  annual  equivalent  costs  and  benefits  uere  derived  as  discussed  under  the 
230-ft-/3  Canal  Alternative.   As  shown  on  Table  il .  1 0 ,  the  annual  benefits 
(^:5  ,235  ,000)  exceed  the  annual  costs  ( $^1  ,51 0  ,000)  by  $735,000,  a  benefit- 
cost  ratio  of  1.17.   This  alternative  results  in  the  naxirrjura  net  HED  benefits 
and  is  referred  to  as  the  I.'ED  Alternative.   (See  Chapter  5,  "Plan  Selection" 
for  more  details.) 

Financial  Analysis  of  175-ft^s  Canal 


The  cay."ent  v/as   developed   as   discussed    in   Attach-ent   2.      The  computed   payment 
capacity   for   the   landcwners  v;ith   junior  vater   i^i£;iits  v.'ould   be    $19 -03    (see 
Table  iJ.11).      Deducting   their  OI'uR  of    .'i1.23   per  acre  and    $3.?6   for   crainare 
sinking   fund   leaves    $14.74   available   for   repayment   of   the   reinbursable   project 
costs    ($7,300,000).      An   annual    paynent   of   $195,000    ($7.80/acre)   would   repay 
the  reinbursable   costs   over  a  40-year   period.      If   the   junior  water   right 
landowners   repaid   the   rein:bursable   costs   at   the   $19.63   rate,    the   repayment 
period  would   be  22   years.    1/ 

Repayment   for   land   in   Indian   owner'ship  would   be    indefinitely   deferred  under 
the   Leavitt   Act,    as   long   as   the   land   reL:ains   in   Indian   ownership.      Interest 
during  construction   for   the   irrigation   function   is   nonreinbursable.      Bureau   of 
Land  !!anagec:ent   and    U.S.    Fish  and  V.'ildlife  Service  would   pay   a  portion   of   the 
OMiR  and   energy  cost   -    $25,000   and    $'13,000,    respectively. 


]_/      [25,000   X   (19.63  -    1.23   OM&R  -   3.66  drainage   sinking   fund)]   = 

.t'368,500/year.      $7,800,000   reimbursable  capital  costs   divided   by 
$363,500  =  22. 
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Table  4.10 


BENEFIT- COST  HUkLYSlS 


VIEGELLE-KILK  RIVER  175-ft-'/s  CA.'iAL  ALTEF.KATIVE 
(Annual  Equivalc-nt  Values) 


Cost  5 

Constr  ucticn  1_/ 
Drainace  2_/ 

IDC  y 

Economic  Coct  of  Lnevg^'   V 
OKLr:   5/ 
TOTAL  Costs 

Benefits 

Irrigation  6/ 

Fish  and  Kildlife  7/' 

BLM  6/ 

Uneoploj-ttent   1_0/ 

Municipal   and   Indui;tri  =  l    1J_/ 

TOTAL  Benefits 

Met  Benefits 

Benefit-Cost   Ratio 


$3,152,000 
675,000 
231 ,000 
206,000 

146,000 

$4,500,000 


$4,949,000 

11 9,  COO 

70,000 

112,000 

37,000 

v3  ,  2o7 , 000 

$  767,000 


1.17 


1/      Canal   and   puripine  plant    ($37,000,000   x    .03627) 

2/      Draina£o   ($23,000,000   divided   by   40   years   x   11.17051    x    .08627 

1/      IDC   ($57,000,000   X    .088   x    .03627) 

4/   Cost  of  Fnercy  (34,800  AF  x  220'  TDH  x  1.025  x  $.0197) 

.75  efficiency 
5/   CMtR 

Canal  and  Fur.pins  Plant 

Enorcy  (34,800  acre-feet  x  314  l:v;h  :■:    .0025) 

34.800  AF  X  220'  TDH  x  1.025  x  $.0025 
•75  efficiency 
6/  Irrigation 

Junior  V.'ater  Riehts  (25,000  acres  x  $l42/acre) 
Fort  Bell'.nap  (9,850  acres  x  $l42/acre) 

1/      Fish  and  \7ildlife 

CM£:R  (12,700  aero-feet  x  $3- 45/acre-foot) 
Synergy  12,700  AF  x  220'  TDH  x  1.025  x  $.0197 
.75  efficiency 

8/   BLI! 

Cl'.LR   (7,500  acre-feet  x  $3 .45/acre-foot) 
Enercy  (7,500  AF  x  220'  TDH  x  1.025  x  $.0197) 
.75  c] riciency 
10/  Un employ cent  ($37,^00,000  x  $3 ,023/$1 ,000 ,000) 


$3,192,000 
$  675,000 
$  281 ,000 
$  206,000 


120,000 

26,000 

146,000 


$3 

,550 

,000 

1 

,399 

,000 

$4 

,949 

,000 

A 

•> 

44 

,000 

75 

,000 

119 

,000 

26 

,000 

44 

000 

$ 

70 

000 

)00 
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Table  ^.^^ 


PAYt'ENT  CAPACITY  AND  REIMBURSABLE  COSTS 
VIRGELLE-HILK  175-ft^/s  CAMAL  ALTERNATIVE 


Payment 

Capacity    01^:&R 
($/Acre)   (t/Acre) 


Available 


ReiT.bursable 
Costs 
Paid  Bv 


V.'ater 


For  Repaynent       Water  User         Char:^,es 

(/Acre) 
(Total/Year) 


Landov.'ners  with 

Junior  V.'ater  Rights  19-63  1.23   1/ 

Fort   Belknap   Reservation      19-53  1.67   1/ 


13-40  .^7,770,000  2/      $19-63 

Deferred  :^l|  ,  1  ^47  ,000   V   Deferred 


1/      OHi:R  -   7,500/3^,300  x   $1^17,000   divided   by  25,000   acres 
2/     Canal   -   7,300/3^,300  x   ^-37,000,000   divided   by 


25,0 


o  0  seres 


divided  ty  HO   year: 


1/ 

4/ 


Drainage  -    $23,000,000   x    .00327    ('!0   years, 

8-5/3   percent   sinking   fund)    = 
OMiR   = 

OM&R  -  3,900/3^,300  x   $147,000  divided  by  9,850  acres 
Canal   -   3,900/34,300   x   ;'37,0OO,00O 


$1 -23/acre 

■i;7-77/acre 

$3  .6G/acre 
$1  .28/acre 
$1  .67/acre 
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Altei'natives   and   Canr-il    Foutes   Dropperi   frcrn   Con.sJ  deration 

Five   alternative   canal    systerts  were  oripinally   considered   for   Phase   3   -    the 
Virrelle-l'ilk   River,    l-'arics-l^ilk'   F.iver,    Tele^ranh   Creek-Seaver  Ci^eek,    and    the 
Duck   Cre-dk-Vandalia,    and   Tributary   Dam  Alternatives.      Th.ese   alternative   canal 
systems   are  shov.'n   on   Figure   'l.p.      The  cansJs  were  originally   sized   at 
310    ft'/s.      As   can   be   seen   fron   Table  i| .  1  1  ,    the   only   economically   feasible 
alternative  v.'as   the   Vi  r^elle-llilk   Canal   Alternative,    so  r.o   further  study  v.'as 
done   on   the  other  alternatives.      These   alternatives   are  described   in   r.o."e 
detail   beloM. 

For   the  Virp;elle-!'ilk   River  Canal   Alternative,    four   canal    routes  were 
considered:      the   Railroad,    East  Side,    i.'est   Side,    and   Big  Sandy   Creek   Routes. 
The  costs   for  all   four   routes  were  corr.parable.      The  Big  Sandy   Creek   Route  and 
the   Railroad   Route,    '..tiich  \/ould   oisi'upt   the   fewest   local   farm  operations,   \:ere 
further   developed   during  plan    fcrfulaticn. 

The  Big  Sandy  Creek   Route  was   preferred   by   local   people,    but   the  environmental 
effects  were  unaoceptatle   to  other  parts   of   the  public   and    to   the  I'iontana 
DepartEient   of  Fish,    Uildlife   and   Parks.      The   selected   route   -   the   Railroad 
Route  -   seenec   to   be   the   n^ost   acceptable   to   all   s'^'^'-'ps   based   on   the   cor.r^ents 
received.      The    three    routes    dropped   are   described   r.ere,    aftei'    the    alternatives 
considered   but   cropped. 

Marias-"ilk   Alternative 

This  was   the   primary   plan   proposed   in   the   1970   Feasibility    Report   by   the 
Bureau    (Bureau   of  Reclamation,    1970).      It   included   an   52-aile-long   canal 
connecting  Lake   Elwell   on    the  Marias   River  with   Fresno   Reservoir  on   the  !5ilk. 
VJater  would    be   diverted   from  Lake   Elwell   by   a   tunnel    in    the   north   abutment   of 
Tiber  Dam.      The  canal   would   follow    the  'larias    River   bluffs   below   their  crest 
for  about   10  ailes   before   crossinc   cropland,    and  enter   Fresno   Reservoir. 


Water  could   be   delivered   along   the  canal    route   to   Lonesome   Lake   and   Chain-of- 
Lakes   to   benefit   fish  and  wildlife.      A   fish  screen   would   prevent    the   transfc 
fron   the  Marias   Ki'/er  of   undesirable   f.ish   and    thei  -   :•'■.•;,?,    and   j  arasites. 
Ilcarly   12,000   addi'jonal   acres   could    t>e   irrigated   :■       .  ;  this   c      .\i    route,    but 
were  not   includ-vd     .1   the  criminal   co.  ■     estimate. 


H-'j 
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Table   4.12 

COMPARISON   OF   ALTERNATIVE  CAN'AL   SYSTEt-lS 
DROPPED   FROM  CONSIDERATION 


Virgelle-Milk  l-larias-J-Iilk:  Telegraph  Creek-  IXick  Cre^i: 


Canal 

Canal 

Beaver  Creci: 

Vandal  ia 

Tributary  Dams 

A.verage  Annt^l  V^ter 

Diverted  (Acre-Feet) 

92,000 

108,000 

144,000 

63,000 

70,900  V 

A\'erage  Annual  Vkter 

Delivery  (Acre-Feet) 

77,800 

77,800 

77,800 

56,000 

23,900  2/ 

Acres  Reopiving 

Replacecent  Vfater  2/ 

149,660 

149,660 

149,660 

107,730 

46,000 

Construction  Cost  V 

$41,700,000 

$69,200,000 

$r7,390,000 

$55,782,000 

$107,800,000 

Annii?!  Operate  en 

and  t-V^intenance 

872,000 

407,000 

1,125,000 

114,000 

365,000 

Total  Annual  Equivalent 

Cost  5/ 

5,103,000 

7,627,000 

8,977,000 

5,773,000 

11,629,000 

Annual  Direct  Benefits 

$5,837,000 

$5,837,000 

$5,837,000 

$4,201,000 

$    1,794,000 

Benefit/Cnst  fetio 

^^^ 

.77 

.65 

.73 

.15 

Eboncmic  Cost/Acre-Foot 
Vfeter  Delivered  6/  66        98         115         103        48? 


1/  Active  storage  capacity  of  the  reservoirs. 

2/  Finn  annual  yield  of  the  four  reservoirs. 

2/  Does  not  include  canalside  irrigation. 

4/  The  cost  estinates  are  based  on  October  1984  price  levels.  Ebtinates  include  10  percent 

unlisted  itens,  25  percent  contingancies,  and  30  percent  indirect  costs,  except  on  punping 

plants  'n'hich  have  40  percent  indirects. 
5/  Includes  construction  and  interest  during  ccxistruction  annualized  at  8-5/8  percent  for 

100  years,  annual  energy  cost  of  power,  and  CM&R  costs. 
6/  Total  annual  equivalent  cost  divided  by  average  annual  water  delivery. 
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The  canal  could  be  routed  away  from  the  bluffs  by  a  longer  and  rjcre   expensive 
tunnel,  or  it  could  be  routed  to  join  the  Milk  River  below  Fresno  Reservoir. 
This  latter  route  would  eliminate  the  need  for  the  fish  screen,  but  it  would 
increase  the  canal  cost,  caking  the  overall  cost  about  the  same. 

Telep:raph  Creek-Beaver  Creek  Alternative 

This  alternative  would  pump  Missouri  River  water  from  Fort  Peck  Reservoir  near 
Skibby  Bottom  south  of  Fourchette  Bay  near  the  mouth  of  Telegraph  Creek.   The 
water  would  be  lifted  into  a  75-mile  canal,  which  would  carry  the  water  to 
Kelson  Reservoir,  across  the  Telegraph  Creek-Beaver  Creek  divide. 

A  280-ft^/s  capacity  pumping  plant  would  be  required,  with  a  total  dynamic 
head  of  240  feet.   Electric  power  for  the  pumping  plant  would  come  from  the 
l6l-kilovolt  transmission  line  between  Malta  and  Havre,  requiring  a  substation 
at  the  line,  55  miles  of  new  69-kilovolt  line,  and  a  substation  at  the  pumping 
plant.   Peak  power  demand  would  be  7,600  kilowatts,  an  average  annual  demand 
of  about  32,500,000  kVTi. 

The  canal  would  parallel  Telegraph  and  Beaver  Creeks  before  entering  the  South 
Feeder  Canal  in  Nelson  Reservoir.   It  would  be  lined  with  compacted  earth  for 
60  miles  and  unlined  for  the  other  15  miles. 

The  original  capacity  of  280  ft^/s  would  reduce  to  a  terminal  capacity  of 
210  ft^/s.   Major  structures  along  the  canal  include  11  short  siphons  and 
2  siphons  (each  1-mile  long),  1  drop  structure,  numerous  cross  drainage 
structures,  and  an  inlet  structure  at  the  Nelson  South  Feeder  Canal. 

Fourteen  miles  of  the  Kelson  South  Feeder  Canal  would  be  enlarged  from  its 
present  capacity  of  500  ft^/s  to  710  ft^/s.  The  canal  and  other  major 
structures  would  be  equipped  with  protective  and  escape  devices  as  necessary. 

Duck  Creek-Vandalia  Alternative 

This  alternative  would  divert  water  by  gravity  to  the  Milk  River  Basin  from 
Fort  Peck  Reservoir.   By  excavating  a  channel  from  the  South  Fork  Duck  Creek 
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Arm  of  Fcrt  Peck  Reservoir  to  the  V/illow  Creek  drainage,  water  from  Fort  Feck 
Reservoir  would  be  conveyed  by  31  miles  of  canal  through  the  Vandalia  area  to 
the  Milk  River.   Enroute  to  the  river,  some  water  would  be  diverted  to  the 
Vandalia  Canal  for  18,000  acres  of  irrigated  lands  in  the  area.   Water  now 
being  passed  upstream  might  then  be  used  to  supplement  irrigated  lands  above 
Vandalia. 

To  divert  water  by  gravity  from  Fort  Peck  Reservoir,  a  cut  of  approxinately 
100  feet  through  the  South  Fork  Duck  Creek  Arm  would  be  required.   The 
conveyance  canal  would  have  an  initial  capacity  of  260  ft^/s  and  a  terminal 
capacity  of  90  ft^/s.   Major  structures  on  the  canal  would  consist  of  two 
siphons,  two  drops,  and  laterals  to  the  Vandalia  Canal.   There  would  also  be 
several  drainage  inlets  and  cross  drainage  structures.   The  canal  and  all 
major  structures  would  be  equipped  with  appropriate  protection  and  escape 
devices. 

If  the  Fort  Peck  Reservoir  water  level  were  ever  drawn  down  belcw  the  canal 
level,  a  pumping  plant  would  be  required  (included  in  the  cost  estimate).   The 
Duck  Creek- Vandalia  Canal  inlet  water  surface  would  be  at  elevation  2200  feet, 
and  the  maximum  drawdown  of  Fort  Peck  Reservoir  would  be  to  a  water  surface 
elevation  of  2l60  feet,  according  to  the  U.S.  Army  Corps  of  Engineers. 

The  peak  electric  power  demand  for  the  Duck  Creek  pumping  plant  would  be  about 
1 ,750  kilowatts  with  a  maximum  estimated  annual  energy  requirement  of  about 
560,000  kVi'h.   Power  would  be  available  from  Federal  facilities  in  the 
Fort  Peck  area. 

Tributary  Storage  Alternative 

Four  offstream  storage  sites  were  considered  on  Lodge  Creek,  Three  Mile  Cre   , 
Peoples  Creek,  and  Willow  Creek,  all  tributaries  of  the  Milk  River.   Water 
would  be  stored  behind  these  dams  in  the  off  season  to  be  released  during 
irrigation  season. 

The  four  dams,  with  a  combined  storage  cap:  cit}  of  70,900  acre- feet,  would 
provide  an  additional  23,910  acre-feet  of  v.-ater  i.i  critical  years  during  the 
irrigation  season,  which  would  benefit  about  i)6,000  acres.   In  most  y;?c;-;. 
more  water  could  bo  provided. 
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Lodge  Creek  Dam  site  would  be  located  about  25  miles  north  of  Havre.   A  zoned 
earthfill  dam  60  feet  high  and  1 ,800  feet  long  would  be  built  with  a  grass- 
lined  chute  spillway  with  a  concrete  crest.   The  2,700-acre  reservoir  forned 
ty  the  dam  could  store  10,900  acre-feet  of  water  for  irrigation. 

Killow  Creek  dansite  is  located  in  Valley  County  north  of  Hinsdale.   It  would 
be  a  zoned  earthfill  dam  82  feet  high  and  2,760  feet  long.   It  would  have  a 
concrete  chute  spillway.   The  reservoir  would  cover  580  acres  and  hold 
11,000  acre-feet  for  irrigation  use. 

Reclamation  and  DNRC  reviewed  17  sites  recommended  by  the  Fort  Belknap  Tribal 
Council  for  dams.   Two  of  these  sites  were  worthy  of  detailed  investigation  - 
Three  Mile  and  Peoples  Creek.   Three  Mile  Dam  site  would  be  on  the 
reservation,  3  miles  south  of  Fort  Belknap  agency.   The  dam  would  be  zoned 
earthfill  85  feet  high  and  2,130  feet  long.   Three  Mile  Dam  would  have  a 
concrete-lined  chute  spillway.   The  reservoir  would  cover  nearly  1,000  acres, 
holding  19,000  acre- feet  of  water.   Since  the  creek  would  not  supply  enough 
water  to  fill  the  reservoir,  a  150-ft^/s  pumping  plant  would  be  necessary  to 
add  Milk  River  flood  flows  for  as  long  as  2  months  in  the  spring.   Water  would 
then  be  released  when  needed  for  irrigation. 

Peoples  Creek  damsite  is  located  on  Fort  Belknap  Reservation  southwest  of 
Dodson.   It  would  be  a  zoned  earthfill  dam  120  feet  high  and  1,200  feet  long. 
It  would  have  a  concrete  lined  side  chute  service  spillway  and  a  grass  lined 
auxiliary  spillway.   The  reservoir  would  cover  about  860  acres  and  hold  nearly 
30,000  acre- feet  of  v.-ater. 

Other  Virgelle-Milk  Canal  Routes 

Figure  4.6  shows  the  three  canal  routes  for  the  Virgelle-Milk  Canal 
Alternative,  which  were  considered  but  dropped  for  reasons  discussed  below. 
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Figure  4.6 
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The  East  Side  Canal  Route  would  be  located  on  the  east  side  of  Big  Sandy 
Creek.   This  route  would  parallel  U.S.  Highway  87  to  the  vicinity  of  Laredo. 
Here  the  canal  would  cross  the  highway,  heading  north  and  northeastward  until 
it  joined  the  Milk  River  west  of  Havre.   Costs  were  included  to  line  the 
entire  ^46. 6  miles  of  this  canal  with  compacted  earth. 

The  East  Side  Canal  Route  needs  10  siphons,  8  concrete  drop  structures, 

27  bridges,  and  a  terminal  drop  structure,  electric  transmission  facilities. 

Estimated  canal  cost  would  be  $26,000,000  (excluding  structures). 

The  East  Side  Canal  Route  would  cross  56  farms,  which  is  more  than  any  of  the 
other  four  canal  routes.   This  route  would  cause  the  loss  of  200  acres  of 
grassland  habitat.   Cultural  resources  in  the  area  would  also  be  affected. 

The  Big  Sandy  Creek  Route  would  be  identical  to  the  East  Side  Route  to  a  point 
midway  between  the  towns  of  Box  Elder  and  Laredo,  where  it  would  jog  to  the 
west  to  join  Big  Sandy  Creek.   From  that  point  to  the  Milk  River,  the  creek 
would  act  as  the  conveyance  facility.   Total  length  would  be  6'4.5  miles,  32  of 
which  would  be  in  the  creek.   The  other  32-5  miles  would  require  lining. 

Seven  siphons  and  six  drop  structures  would  be  required  for  this  route.   K'o 
terminal  drop  structure  would  be  needed,  but  a  stilling  basin  near  the  mouth 
of  the  creek  was  planned.   The  Big  Sandy  Creek  Route  would  require  20  bridges 
across  the  canal.   Electrical  transmission  requirements  would  be  as  described 
for  the  Railroad  Route. 

The  Big  Sandy  Creek  Route  would  require  work  in  the  creek  itself;  earthwork 
along  curves,  14  rock  drop  structures  to  reduce  velocities  to  less  than  2  ft/s 
and  about  12,000  jacks  12- feet  long  to  reduce  erosion.   The  canal  would  cost 
$20,150,000  (structures  not  included),  the  cheapest  of  the  four  routes. 

This  canal  route  would  cross  50  farms,  and  have  the  greatest  effects  on 
fisheries,  water  quality,  aesthetics  and  cultural  resources  of  the  four 
routes. 
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The  West  Side  Canal  Route  would  be  located  west  of  Big  Sandy  Creek.   North  of 
the  town  of  Big  Sandy,  this  route  would  cross  Highway  87,  paralleling  the 
creek  to  the  vicinity  of  Laredo.   After  this  point,  the  route  would  head 
northward  to  join  the  Milk  River  west  of  Havre. 

The  other  three  canal  routes  were  laid  out  to  pass  through  the  ancient 
Missouri  River  channel  with  its  gravel  lenses  and  coarse  soils,  so  they  would 
require  a  full  lining  to  reduce  seepage.   Only  half  of  the  51.3  miles  of  the 
West  Side  Route  would  pass  through  these  soils,  and  would  require  lining.   The 
other  half  would  be  built  in  glacial  till  soils  west  of  Big  Sandy  Creek. 

The  V7est  Side  Canal  Route  would  need  6  siphons,  5  drop  sructures,  and 
30  bridges.   Electrical  transmission  facilities  and  the  terninal  drop 
structure  would  be  as  described  for  the  Railroad  Canal  Route.   The  canal  cost 
for  this  route  would  be  $24,300,000. 

This  route  would  cross  51  farms  and  cause  the  loss  of  100  acres  of  grassland 
habitat,  and  could  affect  cultural  resources. 
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CHAPTER  5:   PLAN  SELECTIOIJ 

The  solution  to  the  Valk   River  water  shortage  involves  basin-v.-ide  Danagement 
of  the  water  supply  available;  rehabilitation  of  the  aging  canals,  laterals, 
and  onfarni  systems;  and  a  new  source  of  water.   The  proposed  three- phased 
plan  is  structured  to  provide  this  solution. 

As  discussed  in  Chapter  H,    Phase  1  is  continuing,  and  Phase  2  would  be 
iipplenented  under  the  Rehabilitation  and  Betterment  Program  to  rehabilitate 
the  entire  systern.   Phase  3  would  provide  a  new  water  supply  to  the  basin. 
The  irrigators  and  State  are  seeking  congressional  authorization  to 
financially  integrate  Phases  2  and  3  as  part  of  the  Pick-Sloan  Missouri  Basin 
Program. 

A  coriparison  of  the  three  viable  canal  alternatives  evaluated  for  Phase  3  is 
presented  in  this  chapter:   Virgelle-Milk  175-ft-^/s  Canal  Alternative, 
Virgelle-Milk  ZOO-ft^/s  Canal  Alternative,  and  Yirgelle-I'.ilk  230-ft'/s  Canal 
Alternative.   The  Virgelle-Hilk  230-ft^/s  Canal  Alternative  vias  selected  as 
the  Preferred  Flan. 

COMPARISOM  AIjALYSIS  OF  VIABLE  ALTERK'ATIVES 

Virgelle-Kilk  175-ft^s  Canal  Alternative  ( h'ED  Plan) 

The  national  Econoniic  Developrcent  (KED)  Flan  for  this  report,  as  required  by 
Reclamation  criteria,  is  the  Virgelle-Iiilk  175-ft3/s  Canal  Alternative.   The 
K'ED  Plan  maxircizes  benefits  for  the  investment.   Landowners  with  junior  water 
rights  and  the  Fort  Belknap  Reservation  would  be  provided  a  full  water  supply 
as  defined  by  Reclamation  shortage  criteria.   This  criteria  stipulates  that 
shortages  cannot  exceed  50  percent  in  any  1  year  or  100  pei-cent  any  10 
consecutive  years.   A  water  supply  would  also  be  provided  to  Bowdoin  National 
Wildlife  Refuge,  city  of  Chinook,  and  for  exchange  of  tributary  water  for  BLIl 
stockponds.   The  net  benefits  are  $787,000.   There  are  no  significant 
environment  impacts  as  a  result  of  this  plan.   The  additional  water 
SI  .  ;.ly  will  improve  tlie  waterfowl  habitat  at  Bcwou^n  National  Wildlife 
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Eefuge.   Major  social  effects  include  those  resulting  from  the  canal;  the 
annual  costs  and  income  attributable  to  the  plan;  and  the  extent  to  which 
Indian  lands  are  irrigated.   Existing  dryland  farm  operations  of  landowners 
along  the  canel  would  be  disrupted  (see  Social  Account  Comparison).   The  plan 
has  been  formulated  to  limit  this  disruption  by  building  the  canal  along  the 
existing  railroad  right-of-way  and  providing  adequate  canal  crossings.   These 
farmers  are  also  concerned  about  spread  of  weeds  and  increase  of  saline  seeps. 
The  infiltration  gallery  design  for  the  pumping  plant  would  reduce  spread  of 
weed  seeds.   A  weed  control  board  is  recommended  to  ensure  weed  control  on  the 
canal  right-of-way.   Membrane  lining  in  the  canal  would  ensure  saline  seeps 
would  not  increase. 

Average  annual  increased  agricultural  income  (both  direct  and  indirect) 
resulting  from  the  project  would  be  about  $6.9  million.   The  project  would 
include  the  irrigation  of  9,850  dryland  equivalent  acres  on  the  Fort  Belknap 
Reservation,  and  about  $2.2  million  of  this  increase  would  accrue  to  tribal 
irrigators.   Annual  construction  and  OH&R  costs  would  be  imposed  on  the 
irrigators.   Annual  equivalent  economic  costs  would  be  about  $6.4  million, 
with  about  $1.5  million  of  this  amount  accruing  to  the  reservation.   However, 
reservation  costs  would  be  deferred  under  the  Leavitt  Act. 

Virgelle-Milk  200-ft^s  Canal  Alternative 

The  Yirgelle-Milk  200-ft3/s  Canal  Alternative  would  serve  the  landowners  with 
junior  water  rights,  the  Fort  Belknap  Reservation,  and  the  Rocky  Boys 
Reservation.   Water  would  also  be  provided  to  Bowdoin  National  Wildlife 
Refuge,  BLM  stockponds,  and  city  of  Chinook. 

Social  effects  of  the  Virgelle-Milk  200-ft3/3  Canal  Alternative  would  be 
similar  to  those  discussed  under  the  NED  Plan,  except  that  annual  equivalent 
construction  costs  would  be  about  25  percent  greater,  and  annual  income  would 
be  about  10  percent  higher.   Corollary  socio-economic  effects  would  thus  be 
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proportionally  greater.   Thir.  plan  includes  the  ii'rigaticn  of  3.300  acres  on 
the  Rocky  Boys  Reservation. 

KED  perspective  serving  Rocl:y  Boy's  Reservation  is  not  increr-entally  feasible. 
Providing  water  to  the  reservation,  however,  is  justified  due  to  ir.prcved 
social  veil-being  on  the  reservation  and  fron  a  "Regional  Develcpriient"  (RD) 
standpoint. 

Virr.elle-Hilk  230-ft^s  Canal  Alternative  (Preferred  Plan) 

The  Preferred  Plan  would  provide  a  water  supply  to  all  water  users  who  still 
experience  severe  water  shortages  after  the  implementation  of  Phase  2.  This 
includes  the  water  users  served  by  the  175  ft^/s  Canal  Alternative,  the  Reeky 
Boys  Reservation,  and  private  canal  side  irrigators. 

Several  private  landowners  along  the  canal  route  have  indicated  an  interest  in 
irrigation.   It  is  not  inci^ernentally  feasible  from  a  K'ED  standpoint  to  provide 
these  irrigators  with  a  water  supply,  distribution  system,  and  drainage 
system.   Therefore,  they  are  included  in  the  Preferred  Flan  on  the  condition 
that  the  costs  be  funded  by  a  non-Federal  entity  (see  "Cost  Sharing"  in  this 
chapter).   From  a  regional  benefit  standpoint,  provision  of  irrigation  services 
to  these  lands  is  feasible.   The  added  direct  income,  as  well  as  indirect 
benefits  to  economy  of  the  area  from  irrigation  services,  indirect 
construction  benefits,  and  benefits  from  Ol-iLR   e>cpenditures,  exceed  the  costs 
accruing  to  the  region  for  providing  irrigation  (see  the  "RD  Account"  to 
follow). 

The  Preferred  Plan  is  economically  justified  and  would  have  a  positive  effect 
on  the  environment. 

Social  effects  of  the  Preferred  Plan  would  be  similar  to  those  of  the  NED 
Plan,  except  that  annual  equivalent  construction  costs  would  be  about 
'12  percent  greatei-,  and  annual  income  would  be  about  19  percent  higher.   Thus, 
corollary  socio-economic  effects  KOv..id  be  proportionally  greater. 
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Four  Account  Analysis 

Reclamation  compares  the  economic,  environmental  and  social  effects  of 
alternatives  by  means  of  the  "four  accounts."  The  four  accounts  are  defined 
below  and  detailed  in  Tables  5.1  through  5.3- 

h?ational  Economic  Development  (NED)  Account:   An  economic  analysis  that 
displays  the  beneficial  and  adverse  effects  on  the  national  economy.   Benefits 
include  increases  in  the  economic  value  of  the  national  output  of  goods  and 
services  and  the  value  associated  with  the  use  of  unemployed  or  under  employed 
labor  resources. 

Regional  Development  (RD)  Account:   An  economic  analysis  that  displays  the 
transfer  of  wealth  between  the  planning  region  and  the  rest  of  the  Nation. 
The  region  used  for  this  analysis  is  the  Bureau  of  Economic  Analysis  Economic 
Area  9^,  which  is  essentially  the  northern  half  of  Montana  east  of  the 
Rocky  Mountains.   These  regional  benefits  include  NED  benefits  plus  income 
transferred  to  the  region,  including  increases  from  irrigation  services, 
construction  impacts,  and  OM&R  impacts.   Regional  benefits  accruing  to  the 
Fort  Belknap  and  Rocky  Boys  Reservations  are  identified  separately. 

Fort  Belknap  and  Rocky  Boy's  Regional  Subaccount 

The  project  impacts  the  Fort  Belknap  and  Rocky  Boy's  Reservations;  therefore, 
a  regional  subaccount  was  developed  for  each  of  the  three  viable  alternatives 
(see  Table  5-1).   The  direct  irrigation  benefits  for  the  subaccounts  were 
based  on  the  percentage  of  Indian  ownership  of  project  lands.   Employment 
benefits  were  derived  assuming  50  percent  of  the  unskilled  and  30  percent  of 
the  skilled  onsite  construction  labor  would  be  Indian.   The  incidence  of 
indirect  regional  benefit  segments  on  the  reservations  was  determined  as 
follows.   Increases  from  irrigation  services  were  apportioned  based  on  the 
proportion  of  irrigation  direct  benefits  accruing  on  the  reservation,  reduced 
by  50  percent  according  to  Reclamation  guidelines  to  reflect  reduced 
commercial  or  multiplier  capacity  on  the  reservation.  Construction  effects 
were  based  on  the  proportion  of  Indian  employment,  again  reduced  by 
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50  percent  to  reflect  reduced  multiplier  capacity  on  the  reservation. 
Operation,  maintenance,  and  replacement  effects  were  apportioned  based  on  the 
Indian  percent  of  OM&R  labor  costs. 

Social  Account:   This  account  displays  the  impacts  on  the  social  envirxsnment, 
including  factors  like  population  distribution,  employment  opportunities, 
distribution  of  income  and  other  social  concerns. 

Multi-Attribute  Tradeoff  System  (MATS):  The  MATS  program  was  used  to  evaluate 
the  net  effects  of  five  impact  factors  which  are  considered  to  be  "social 
resources."  These  factors  and  the  weightings  selected  were  based  on  an 
appraisal  of  concerns  voiced  by  project  area  farmers  in  a  series  of  meetings 
and  informal  questionnaires.   The  results  of  the  evaluation,  including  gross 
and  net  social  well-being  (SWB)  scores,  are  displayed  in  Table  5.2. 

EQ  Account:  This  analyzes  the  overall  affect  a  proposed  plan  would  have  on 
the  environment,  including  significant  ecological,  aesthetic  and  cultural 
resource  effects  that  cannot  be  measured  in  monetary  terms  (see  Table  5.3)- 

Four  Tests  of  Viability 

An  alternative  proposed  by  Reclamation  must  also  meet  "four  tests"  to  confirm 
its  viability.   The  Preferred  Plan  meets  these  four  tests: 

1.  Completeness  is  the  extent  to  which  an  alternative  provides  for  all 
necessary  investments  to  ensure  realization  of  the  planned  effects.   All  costs 
are  included  to  sustain  irrigation  on  the  benefiting  lands  for  a  100-year 
project  life  and  mitigation  costs  for  unavoidable  environmental  impacts. 

2.  Effectiveness  is  the  extent  to  which  an  alternative  meets  the 
specified  problems  and  achievements.   The  Virgelle-Milk  Canal  would  provide 
water  to  meet  all  the  needs  identified  during  the  study  as  detailed  in 
Chapter  H . 

3.  Efficiency  examines  the  cost  effectiveness  of  the  various  plans.  The 
benefit  to  the  water  users  of  the  Virgelle-Milk  Canal  Alternative  would  exceed 
the  costs. 
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H.        Acceptability   is  whether  or   not   the  plan   meets  acceptance   by   the 
local,    state  and   national    public.      The  Milk   River  Project    irrigation  districts 
(through   their  Board   of   Directors)   and    their  consultant  have   been   involved   in 
plan    forniulaticn.      The   informaticn   presented   in    this   report  was   summarized   at 
public   meetings   in   January   1983.      The  irrigation   districts  circulated   a   survey 
following   the  meeting  to  help   determine   if   the   Phased   Plan,    including   the 
canal,    is   acceptable   to   irrigators   as   a  whole.      The   results  of   the   survey  were 
very   favorable.      The   State   of  Montana   has   shared   in    the   costs   of   the   study  and 
also   actively  helped   formulate   the   three-phased   plan. 

National   acceptance  will   be  measured   during  review   of   the   Planning 
Report/Draft   Environmental   Statement   through   the   legislative   process. 

COST   SHARING 

Department   of   the  Interior   policy   requires   cost   sharing  on  water   resource 
development   projects.      A  non-Federal   entity  must    fund    the   difference   in   capital 
costs  between   the  Preferred   Plan   and    the  NED  Plan.      In   this   case,    the  Preferred 
Plan    (.'^37, 000, 000)    costs    .<l',2?  ,000  ,000   more   than    the   NED  Plan.      The   .*10,000,000 
cost   cf   private   canalside   lands  would   have   to   be    funded   by   a  non-Federal 
entity.      However,    it   is   proposed   that   the   costs   for   serving   Rocky  Boys 
Reservation  would   be   paid   by   the  Federal   Government   to  assure   the  social   well- 
being  of  the  reservation   as   follows. 

Rocky  Boys   Reservation 

Additional   Canal   Capacity  i   4,500,000 

Distribution   System  4,800,000 

Drainage   System  3.400,000 

Subtotal  $12,700,000 

Private  Canalside   Acres 

Additional   Canal   Capacity  $  2,500,000 

Distribution   System  3.700,000 

Drainage  System  3 ,900,000 

Subtotal  $10,100,000 

Total  $22,800,000 

Rounded  $23,000,000 
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FEDERAL  REGULATIONS  AND  EXECUTIVE  ORDERS  TO  BE  COMPLIED  WITH 

To  implement  the  Preferred  or  NED  Plans,  compliance  with  the  following  would 
be  required:  Section  10  of  the  River  and  Harbor  Act  of  1899  (33  USC  1J03)  ,  as 
amended;  Section  404  of  the  Federal  Water  Pollution  Control  Act  of  1972 
(Public  Law  92-500)  as  amended  by  the  Clean  Water  Act  of  1977  (Public  Law  95- 
217);  applicable  sections  of  the  Wild  and  Scenic  Rivers  Act  of  1958  (Public 
Law  90-5^42);  and  Executive  Order  11988,  Floodplain  Management. 

All  necessary  permits  would  be  obtained  during  detailed  preconstruction 
studies. 
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CHAPTER  6:   CONSULTATION  AND  COORDINATION 

Heetinp,s  and  Issues 

One  cf  the  prin^ary  tools  for  presenting  inforcaticn  to  the  various  publics  was 
a  newsletter.   Issues  were  sent  to  the  irrigators  in  the  Milk  River  Basin; 
dryland  farmers  in  the  Big  Sandy  area;  Indian  reservations  in  the  area,  and 
local,  State  and  Federal  agencies.   Each  newsletter  dealt  with  status  of  the 
study  and  issues  that  had  been  raised  by  these  groups. 

In  addition,  public  meetings  were  held  at  intervals  during  the  study  to  report 
progress  and  obtain  public  input.   A  summary  of  the  major  meetings  are  listed 
on  Table  6.1 . 

Reclamation  and  DNRC  representatives  frequently  attended  District  Board 
meetings.   Special  meetings  were  held  with  smaller  groups,  such  as  the 
Chippewa  Cree  on  the  Rocky  Boys  Reservation,  the  Gros  Ventre-Assiniboine  on  the 
Fort  Belknap  Reservation,  and  the  dryland  farmers  in  the  Big  Sandy  area.   These 
are  also  summarized  in  Table  6.1. 

The  Blackfeet  Tribe  indicated  an  interest  late  in  the  study  also  (see 
"Blackfeet  Reservation  V.'ater  Development  Potential"  in  Chapter  1). 

The  Liberty-Hill  Landowners  Protection  Association  represented  the  landowners 
along  the  Harias-Hilk  Route  (see  "Alternatives  and  Canal  Routes  Dropped  from 
Consideration"  in  Chapter  ^) .      The  Big  Sandy  Creek  Landowners  Protection 
Association  was  formed  to  represent  the  landowners  along  the  Virgelle-Hilk 
Canal  Route.   The  major  concerns  were  disruption  of  fanning  operations, 
transport  of  weed  seeds  via  the  canal  and  poor  weed  control  on  the  right-of- 
way,  and  the  effect  of  seepage  on  adjacent  fields. 

To  r-duce  disruption  of  local  farming,  the  Creek  Route  (see  Alternatives 
Dropped)  was  developed.   By  using  the  creek  as  a  conveyance,  fewer  farms  would 
be  severed.   The  Creek  Route  was  preferred  by  the  local  people,  but  the 
environmental  effects  were  unacceptable  to  segments  of  the  p'  jlic  and  o"  ;  er 
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goverr.nent  agencies.   A  route  was  designed  that  would  avoid  the  environmental 
inpacts  of  the  Creek  Route  and  still  keep  disruption  of  farm  operations  to  a 
mininum.   This  is  the  Railroad  Route,  the  preferred  route.   In  addition,  35 
crossings  have  been  planned  along  the  46-n:ile  canal  to  provide  fara  access. 

The  second  issue,  weed  control,  was  addressed  at  every  seeting  in  the  Big 
Sandy  area.   Reclacation  proposes  that  a  weed  control  board  be  forced  that 
would  include  representatives  from  Choteau  and  Kill  Counties  to  assure  that 
weed  control  along  the  right-of-way  is  done  adequately  by  maintenance  crews. 
The  infiltration  gallery-type  design  proposed  for  the  puaping  plant  would 
eliminate  transport  of  weed  seeds  froa  the  Missouri  River. 

Seepage,  the  third  issue,  is  being  addressed  by  lining  the  canal  with  membrane 
lining  to  keep  seepage  to  a  minimum. 

The  irrigation  districts  chose  to  summarize  the  results  of  the  PFV.D  in  a 
brochure.   Thiey  sent  this  brochure  and  a  questionnaire  to  all  irrigators  in 
the  basin.   This  was  followed  by  meetings  with  the  individual  groups  to 
discuss  the  specific  results  of  the  study  and  receive  their  input.   Meetings 
will  continue  to  be  held  during  preparation  of  the  Planning  Report/ 
Environmental  Impact  Statement. 

Scoping  Session  Summary 

Scoping  sessions  for  the  Milk  River  \.'ater  Supply  Study  were  held  in  Big  Sandy 
and  Malta,  Montana,  on  June  18  and  19,  1985,  respectively.   IJo  oral  testimony 
was  given  at  either  session.   However,  during  question  and  answer  sessions  at 
the  end  of  the  meetings,  it  appeared  that  the  largest  concerns  were  the 
alignment  of  the  canal  and  weed  control. 

Earlier  on  the  date  of  the  first  public  scoping  session,  a  meeting  was  helc  in 
Great  Falls  for  Federal  and  State  agencies.   The  following  concerns  were 
raised  at  that  meeting. 

'i  .   Will  water  be  available  for  BLH  use:-'' 

2.   What  will  be  the  effects  of  the  intci-:e  structure  en  the  Missouri 
Basin  Wild  and  Scenic  River? 
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3.   vrnat  effect  will  project  withdrawals  have  en  boat  passage? 

^.        Will  the  canal  be  necessary  with  accomplishnent  of  rehabilitation  and 
conservation  measures? 

5.  n'nere  will  fencing  be  located? 

6.  Vt'hat  will  be  the  effect  on  streamsice  vegetation,  sediment,  etc.,  if 
Big  Sandy  were  to  be  used  as  a  conveyance  facility? 

7.  ^N'hat  involvement  is  anticipated  with  the  Canadians? 

8.  Will  priorities  be  established  for  use  of  Tiber  Dan  water  for 
fisheries? 

9.  Hew  will  the  spawning  areas,  and  larval  fish,  in  Missouri  River  be 
affected? 

10.  Will  a  fish  screen/filter  be  needed  on  the  punping  plant  intake? 

11.  VJhat  effects  will  return  flows  from  canalside  irrigation  have  on  Big 
Sandy  Creek? 

12.  How  will  weeds  be  controlled? 

All  records  regarding  the  above  meetings  are  maintained  by  the  Great  Plains 
Region,  Bureau  of  Reclamation,  Billings,  Montana. 

Coordination  With  U.S.  Fish  and  Wildlife  Service 

According  to  the  Fish  and  Wildlife  Coordination  Act,  the  U.S.  Fish  and 
Wildlife  Service  must  provide  an  assessment  of  the  effects  of  any  action 
proposed  by  Reclamation.   The  U.S.  Fish  and  Wildlife  Service  (USFWS)  provided 
a  preliminary  assessment  of  the  effects  of  the  proposed  project  on  fish  and 
wildlife  resources.   USFWS  draft  recommendations  are  listed  below. 


6-6 


A  Coordination  Act  Keport  will  be  prepared  by  the  UFVi'S  for  the  Planning 
Report/Environmental  Statement. 

Recocmendation  1  .   Mitigate  reduction  of  flows  in  the  i-Iissouri  River  by 
altering  the  releases  from  Tiber  Dam.   In  turn,  depending  upon  how  the 
releases  Trou   Tiber  Bam  are  altered,  the  Marias  River  fishery  could  either  be 
enhanced,  degraded,  or  remain  unchanged. 

Response.   Frier  to  completion  of  the  Planning  Report/Environmental  Statement 
a  plan  to  determine  the  best  operation  for  both  the  Missouri  River  and  the 
Marias  River  will  be  developed  by  the  USF'wS;  Montana  Department  of  Fish, 
V.'ildlife  and  Parks;  Bureau  of  Land  Management  and  the  Bureau  of  Reclamation. 

Recommendation  2.   Prevent  the  transfer  of  carp  from  the  Missouri  River  to  the 
Milk  River. 

Response.   The  infiltration-gallery  design  for  the  pa'^jping  plant  in  the 
Missouri  River  would  prevent  transfer  of  carp. 

Recommendation  3-   The  area  of  the  Missouri  River  where  the  intake  system 
would  be  located  is  known  to  have  the  highest  densities  of  larval  fish  in  the 
Middle  River.   In  addition,  paddlefish  and  shovelnose  sturgeon  may  spawn  in 
this  area.   Adverse  impacts  should  be  prevented. 

Response.   The  infiltration-gallery  design  for  the  pumping  plant  would  prevent 
impingement  or  entrainment  of  larval  fish  and  fish  eggs. 

Recommendation  ^.   Construct  powerline  to  minimize  raptor  electrocution. 

Response.   Powerlines  will  be  constructed  in  accordance  with  Suggested 
Practices  for  Raptor  Protection  on  Powerlines:   The  State  of  the  Art  in  1981. 

Recommendation  5-  To  mitigate  for  loss  of  native  rangeland  within  the  canal 
right-of-way,  the  right-of-way  must  be  fenced  -.rd  seeded  w  th  native  grasses 
and  forb  species. 
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Response.   Adopted 

Recomniendaticn  6.   To  mitigate  for  loss  of  1,315  acres  of  native  rangeland  in 
areas  to  be  irrigated  along  the  canal,  lands  in  the  Lonesome  Lake  area  will  be 
managed  for  wildlife. 

Response.  Adopted 

The  USFKS  is  presently  working  on  enhancement  proposals  for  Lonesone  Lake  and 
Eig  Sandy  Creek.   Those  proposals  will  be  evaluated  when  received,  and  would 
be  subject  to  non-Federal  cost  sharing  if  adopted. 
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ATTACHMENT  1 

The  Milk  River  Simulation  Model 

Major  data  input  to  the  model  included  historic  streareflows,  crop  irrigation 
requirements,  irrigation  efficiencies,  canal  capacities,  irrigated  acreages, 
as  well  as  reservoir  capacities,  area  capacity  tables,  and  seepage  and 
evaporation  tables. 

Streamflows 

Streamflow  inputs  define  the  available  water  supply  for  the  Milk  River 
Project.   The  Milk  River  has  a  streamflow  regime  governed  primarily  by 
snowmelt.   Mean  annual  flow  of  the  river  at  the  eastern  crossing  of  the  border 
was  369  ft  /s  or  267,150  acre- feet/year.   Of  this,  an  average  of 
U0,000  acre-feet/year  was  contributed  from  the  St.  Mary  River  Basin.   Mean 
annual  flow  increases  to  693  ft  /s  (501,700  acre- feet/year)  near  the  river's 
mouth  at  Nashua.   The  model  uses  gauging  records  of  streamflows  for  the 
mainstem  of  the  Milk  River  at  the  international  eastern  crossing  and  15  major 
tributaries.   These  gauges  measure  runoff  from  approximately  50  percent  of  the 
entire  Milk  River  Drainage  Basin.   Missing  records  of  the  gauges  and  flows  of 
ungauged  contributing  basins  were  estimated  using  standard  hydrologic  methods. 
Figure  A-1  is  a  schematic  diagram  showing  the  relative  location  of  tributaries 
in  the  Milk  River  Basin  below  the  eastern  crossine. 
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Crop  IrriE:ation  Reouiresents 

Crop  irrigation  requirements,  in  conbination  with  irrigation  efficiencies  and 
irrigated  acreages,  were  used  to  determine  the  total  demand  for  irrigation 
water.   On  the  more  productive  soils  in  the  Milk  River  Project,  alfalfa  and 
small  grains  are  the  predominant  crops  with  some  land  in  irrigated  pasture. 
Heavier  soils  are  limited  to  production  of  western  wheatgrass  (known  locally 
as  "bluejoint"  grass),  a  cool  season  crop  characterized  by  low  yields  and 
relatively  low  water  requirement.   Table  A-1  shows  the  percentage  of  each 
irrigated  crop  within  the  three  divisions  of  the  Milk  River  Project. 


Table  A-1 .   Crop  Distribution  of  the  Milk  River  Project 

(percent) 

Crop  Chinook  Division    Malta  Division      Glasgow  Division 


Alfalfa 

Grain 

Pasture 

Bluejoint  Grass 

Monthly  crop  irrigation  requirements  for  alfalfa,  small  grains,  and  irrigated 
pasture  were  calculated  for  each  division  for  each  year,  using  the  CIR77 
program  (USDOI,  1976)  based  on  the  Jensen-Haise  evapotranspiration  formula. 
The  CIR77  program  also  accounts  for  soil  characteristics,  effective 
precipitation  and  irrigation  practices  in  estimating  the  amount  of  irrigation 
water  necessary  to  fully  mature  the  crops.   Lacking  an  appropriate  crop 
coefficient  for  use  in  the  Jensen-Haise  formula,  mean  monthly  irrigation 
requirements  for  native  bluejoint  grass  were  estimated  and  held  constant  from 
year  to  year.   Bluejoint  fields  in  the  project  are  flooded  early  in  the  season 
when  surplus  water  i^  usually  available.   During  the  rest  of  the  season,  other 
crops  are  generally  aiven  highe.-  priority  for  irrigation  water,  so  bluejoint 
fields  are  irrigated  when  water  is  available.   Annual  irrigation  requirement 
for  bluejoint  was  estimated  to  be  5  inches,  of  which  3  inches  were  distributed 
over  the  months  of  April,  May,  and  June.   Table  A-2  gives  the  mean  crop 
irrif/':ion  requirements  for  each  division  ■..•eighted  for  all  crops. 
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Table  A-2.   Average  Crop  Irrigation  Requiraments  in  Inches 

(Weighted  by  Crop) 

Month        Chinook  Division    Malta  Division      Glasgow  Division 


April 

0.30 

0.^0 

0.30 

May- 

1.63 

1.77 

0.87 

June 

3.80 

2.27 

3.01 

July 

3.49 

3.17 

3.85 

August 

2. 78 

2.73 

2.10 

September 

0.80 

0.95 

1.25 

October 

0.15 

0.26 

0.15 

Total  12.95  11.55  11.53 


Irrieation  Efficiencies 

Overall  irrigation  efficiency  (the  percentage  of  diverted  water  beneficially 
used  by  the  crop)  may  be  broken  down  into  conveyance  efficiency  (the 
percentage  of  diverted  v;ater  conveyed  to  the  fara  headgate)  and  onfarm 
efficiency  (the  percentage  of  water  reaching  the  farm  headgate  delivered  to 
the  crop  root  zone).   Two  conveyance  systems  are  used  in  the  project:   unlined 
earth  canals  are  used  to  distribute  water  in  the  irrigation  districts,  with  an 
average  conveyance  efficiency  estimated  to  be  6'4   percent  (SCS,  1978),  and  some 
individual  irrigators  who  pump  water  directly  from  the  river  through  pipelines 
to  the  farm  site,  at  an  estimated  efficiency  of  90  percent. 

Onfarm  efficiency  depends  on  the  method  of  irrigation.   Approximately  80 
percent  of  the  Milk  River  Project  is  irrigated  by  gravity  systems  and 
20  percent  with  sprinkler  systems.   Border  dikes  are  the  most  common  method  of 
gravity  irrigation. 
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Cnfarm  efficiencies  of  border  dike  systems  in  the  project  have  averaged 
approxicately  25  percent,  estimated  by  Reclaaation  in  conjunction  with  the  SCS 
(USBR  1987).   SCS  measured  onfarm  efficiencies  in  1986  in  the  counties  where 
the  project  would  be  located,  and  has  done  efficiency  studies  on  some  Valley 
County  farms  for  years. 

Onfarm  efficiencies  for  sprinkler  systems  are  estimated  to  be  70  percent. 
Table  A-3  summarizes  conveyance  and  onfarm  efficiency  inputs  to  the  Milk  River 
model . 

Table  A-3.   Estimated  Irrigation  Efficiencies  (Percent) 


Blue joint  Grass 

River  pumper  gravity  systems 
Irrigation  District  gravity  systems 

All  Other  Crops 

River  pumper  sprinkler  systems 
Irrigation  District  gravity  systems 
Irrigation  District  sprinkler  systems 

Average  (Weighted  by  Crop  and  Area) 


Onfarm 


25 
25 


Convevance     Overall 


70 

27 

70 


90 
64 


90 
64 
64 


23 
16 


63 
17 
45 

22 


Irrigated  Acreages 

Irrigated  acreage  was  another  data  input  needed  to  calculate  the  total  demand 
for  irrigation  water.   Irrigated  acreage  was  based  on  the  1967-1968  water 
resources  survey  completed  by  the  DNRC  for  Blaine,  Valley,  and  Phillips 
Counties.   Survey  figures  were  updated  by  field  observations  during  the  1985- 
1987  land  classification  (see  "Lands  to  be  Served,"  in  Chapter  3)-   Acres 
irrigated  by  pumpers  were  identified  in  the  field  and  subdivided  into 
"contract"  or  "private"  pumpers.   (Contract  and  private  pumpers  could  receive 
water  directly  from  the  river  or  from  an  irrigation  district  canal.)  Table  A-4 
presents  the  irrigated  acres  used  as  input  to  the  model. 
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Fort    Eelkr.ap   Carial 

Fort  Belknap  District 
Alfalfa  Valley  District 
Zurich  District 
Junior  '.^'ster  Right  Lands 
Contract  Punpers 


Table  A-4 

IRRIGATED  ACRES 
MILK  RIVER 


Acres 


6 

050 

3 

500 

6 

350 

270 

250 

16,420 


Paradise  Valley  Canal 

Paradise  Valley  District 
Junior  Vacer  Risht  Lands 


8,140 

430 

8,570 


Harlem  Canal 

Harlen  District 

Junior  'Cater  Right  Lands 


Fort  Belknap  Indian  Reservation 

Dodson  \"orth  Canal 
Dodson  District 
Malta  District 
Contract  Punpers 
Junior  Water  Right  Lands 


10 

680 

80 

10 

760 

10 

420 

1,010 

9,350 

470 

720 

11,550 


Dodson  South  Canal 
Malta  District 
Contract  Pumpers 
Junior  Water  Right  Lands 


15,700 
1,220 
1,480 

18.400 


Kelson  Canal 
Malta  District 
Contract  Pumpers 
Junior  Water  Right  Lands 


17 


100 
360 
570 


18,030 


Vandalia  Canal 
Glasgow  District 
Junior  Water  Right  Lands 


15,000 

350 

15-,850 
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Table  A-4 
IRRIGATED  ACRES 
MILK  RIVER 
(Coni:  inued ) 


Junior  Water  Right  Lands 

From  Fresno  to  Havre 

From  Havre  to  Chinook 

From  Chinook  to  Har 

From  Harlem  to  Malt 

From  Malta  to  ?3co 


From  Saco  to  Hinsdal. 

From  Hinsdale  to  Vsndalia  DD 

From  Vandalia  DD  to  Nashua 


Acres 


650 

430 

390 

3,100 

2,S50 

24  0 

10,710 

1,800 

20,200 


Contract  Pumpers 

From  Havre  to  Fort  celknap  DD 

From  Fort  Belknap  DD  to  Paradise  Valley  DD 

From  Paradise  Valley  DD  to  Harlem 

From  Harlem  to  Dodson  Diversion  Dsm 

From  Dodson  Diversion  Dam  to  Malta 

From  Malta  to  below  N'elson  North  Canal 

From  Nelson  North  Canal  to  Vandalia  DFD 


350 

860 

4S0 

,110 

ISO 

,030 

,020 


8,030 


Subtotal  along  Canals 
Districts 

Fort  Belknap  Indian  Reservation 
Contract  Pump 
Junior  Vater  Right  Lands 

Subtotal  along  River 

Contract  Pumpers 

Junior  Water  Right  Acres 

Total  Irrigated 

Subtotal  Junior  Water  Right 
Along  Canals 
Along  River 

Subtotal  Contract  Pumpers 
A  long  Cana 1 s 
Along  River 

Total  Pumpers 


110,000 


92,900 
10,400 
(2,300) 
(4,400) 


(8,030) 
(20,200) 


4,400 
20,200 


2,300 
8,030 


28,230 

138,230 
24,600 

10,330 

34,930 
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General  Calculations 

Crop  irrigation  requirements  and  ii^rigaticn  efficiencies  v;ere  used  to 
calculate  nonthly  diversion  requirecents  to  satisfy  the  area  served  by  each 
canal.   Vhen  total  monthly  deoand  on  the  canal  exceeded  the  canal  capacity, 
jeiTiand  was  reduced  to  capacity.   In  this  case,  a  facility  shortage  was 
;alculated  as  the  increment  of  der^and  beyond  the  canal  capacity.   Facility 
hortages  are  significant  in  evaluating  Milk  River  irrigation  shortages  as 
hey  cannot  be  remedied  by  an  increase  in  water  supply  alone. 

inthly  return  flows  for  each  district  were  estimated  by  subtracting  crop 
nsumptive  use  and  an  estimate  of  irrecoverable  loss—  from  the  total 
rigation  diversion.   The  volume  available  as  return  flows  was  then  lagged 
er  a  3-conth  period,  with  70  percent  of  the  volume  returning  in  the  month  of 
3  irrigation,  20  percent  the  next  month,  and  10  percent  in  the  third  month. 

le  a  longer  duration  for  return  flows  is  more  typical,  the  3-n;onth 
tribution  period  was  used  for  two  reasons.   First,  typical  operations  of 
Milk  River  districts  results  in  large  operational  wastes,  and  thus  a  large 
ortion  of  return  flow  occurs  through  surface  channels  as  opposed  to 
Tdwater  flow.   Also,  calibration  runs  of  the  model  which  compared 
.ated  and  historic  streamf lows  were  made  with  various  return  flow 
ibuticns.   From  these  runs,  a  3-2:onth  distribution  of  return  flow  seemed 
appropriate  for  the  Milk  River  Basin. 

ablish  demand  on  the  reservoirs,  the  spatial  distribution  of  demands 
espect  to  tributary  flows  and  return  flows  was  analyzed.   The 
ilknap  Reservation  was  given  priority  use  of  all  tributary  inflows 
im  of  the  reservation.   \'/hen  upstream  tributary  inflows  exceeded  the 


'coverable  losses  are  water  losses  from  the  distribution  system  which 

ot  be  returned  to  the  river  within  1  year.  Examples  are  evaporation 

canals,  nonbenef icial  evapotranspiration ,  deep  percolation,  and  wind 
t. 
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reservation's  de~ands,  the  incremer.c  above  tb.e  reservation  de~and  vas 
considered  available  for  use  by  the  non-Indian  districts.   Total  deT.and  on  Che 
reservoirs  '.>'3S  equal  to  the  sur^i  of  the  demands  in  excess  of  the  tributary 
inflows  and  return  flews  available  for  use  at  each  der.and  point.   N"elson 
Reservoir  is  sonieti~ies  dependent  on  Fresno  Reservoir  for  its  inflows,  so  a 
trial  operation  of  N'elson  was  done  each  month  to  establish  its  de-.and  on 
Fresno. 

Once  Fresno  der.ands  were  set,  final  reservoir  cc-putaticns  were  dene.   Inflows 
to  Fresno  (natural  flews  and  water  diverted  frc?.  the  St.  Mary  River  Basin) 
were  apportioned  between  the  Fort  3elknap  Reservation  and  the  non-Indian 
districts.   Releases  from  Fresno  were  used  to  satisfy  irrigation  and  municipal 
demands,  and  then  end-of-month  (EOM)  storage  volumes  were  calculated. 
Distinctions  between  Indian  and  non-Indian  releases  and  storage  volumes  were 
maintained  in  all  computations  and  releases  were  made  within  the  constraints 
of  operating  criteria.   Vhen  dem.ands  on  Fresno  Reservoir  were  low,  a  minimum 
release  of  25  ft-^/s  was  maintained.   Releases  in  the  summer  months  may  be 
reduced  to  maintain  a  m.inim.um  storage  of  10,000  acre-feet  for  municipal 
demands  through  the  fall  and  winter.   In  the  winter  months,  Fresno  Reservoir 
storage  levels  were  forecast,  and  if  necessary,  drawdown  releases  were  made  to 
reduce  storage  to  70,000  acre-feet  by  March  1.   Reservoir  evaporation  for  each 
month  was  calculated  from  estimates  of  the  mean  reservoir  surface  area  for  the 
month  and  mean  monthly  evaporation  derived  from  local  evaporation  pan  data. 

With  Fresno  operations  com.pleted,  releases  were  routed  through  the  system  by 
the  model.   Diversions  and  return  flows  at  each  demand  point  were  sir.ulated  in 
a  downstream  sequence,  with  shortages  computed  and  return  flows  recalculated 
based  upon  the  sim.ulated  diversion.   Accounting  of  Indian  and  non-Indian  water 
was  maintained  through  the  system.   Flows  were  routed  through  Nelson 
Reservoir,  where  calculation  of  releases,  evaporation,  seepage,  and  EOM 
content  were  made.   Mainstem  streamflows  of  the  Milk  River  were  estimated  at 
17  nodes,  6  of  which  have  historic  gauging  records  for  comparison. 
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Comparison  of  Model  Results  Witli  Historic  Flows 

To  determine  the  accuracy  and  applicability  of  the  model,  a  baseline  run 
sijiulating  historic  conditions  was  made.   The  stream  gauge  at  Havre,  the  first 
gauge  on  the  Milk.  River  mainstem  beloi^  Fresno  Reservoir,  was  used  to 
demonstrate  how  accurately  Fresno  releases  were  simulated.   Correlation 
analysis  using  the  Havre  gauge  revealed  simulated  and  historic  values 
correlated  significantly  (a  5  percent  significance  level  for  a  T-test  was  used 
in  all  analyses)  for  both  annual  flows  and  May  through  September  irrigation 
season  flows.   Annual  correlation  had  an  "R"  of  .95.   Figure  A-2  shows  a  plot 
of  the  annual  hydrographs  of  mean  monthly  values  for  both  simulated  and 
historic  flows  at  the  Havre  gauge. 


c  2  — 

'     J 

^ 


c 
c 

c 


o 


,,i 


^    •! 


Figure  A-2.   Historic  and  simulated  hydrographs  of  mean  monthly  flows  of  the 
Milk  River  at  Havre  for  the  period  1955-1985. 
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The  last  gauge  on  the  Milk  River  mainsteni  at  Nashua  is  21  river  miles  upstream 
of  the  raouth.   Model  results  at  this  site  indicated  how  veil  the  total 
operation  of  the  Milk  River  Irrigation  Project  u-as  simulated.   Correlation 
analysis  using  the  Nashua  gauge  sho^'ed  that  simulated  and  historic  values 
correlated  significantly  for  both  annual  flows  and  May  through  September 
irrigation  season  flows.   Annual  correlation  had  an  "R"  of  .96. 

Figure  A-3  shows  a  plot  of  the  mean  annual  hydrographs  of  simulated  and 
historic  flows  at  the  Nashua  gauge. 
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Figure  A-3.   Historic  and  simulated  hydrographs  of  mean  monthly  flows  of  the 
Milk  River  at  Nashua  for  the  period  1955-1985. 

Comparison  of  model  results  with  historic  flows  at  the  Havre  and  Nashua  gauges 
revealed  that  the  model  accounted  for  the  variability  of  historic  flows  but 
did  not  accurately  duplicate  the  historic  flow.   Inspection  of  the  data  showed 
that  the  simulated  flows  consistently  deviated  from  historic  flows  at  both 
gauges  during  high  flow  years,  perhaps  because  a  significant  part  of  tributary 
inflow  in  the  basin  is  ungauged  and  would  have  to  be  estimated.   Estimating 
technic-jcs,  unfortunately,  would  not  accurately  represent  high  flow 
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nditicns.   And,  while  certain  characteristics  of  the  irrigation  syster.s  vary 
rem  year  to  year  depending  upon  moisture  and  other  conditions,  they  were 
represented  in  the  model  by  constants.   Constant  values  of  factors  like  the 
bluejoint  grass  irrigation  requirement  and  irrigation  efficiencies  were 
probably  more  representative  of  low  rather  than  abnormally  high  u-ater 
conditions.   Table  A-5  shows  a  comparison  of  simulated  flows  with  historic 
flows  for  the  10  driest  years  during  1955-1985.   A  paired  T-test  revealed  the 
simulated  flows  for  these  years  were  not  significantly  different  from  historic 
for  either  irrigation  season  or  annual  flows  at  the  two  gauges.   The 
conclusion,  is  therefore,  that  the  Milk.  River  model  is  best  suited  for 
simulating  average  and  below  average  water  supply  conditions,  appropriate  to 
our  primary  objective  of  evaluating  irrigation  shortages  in  the  basin. 

Table  A-5.   Comparison  of  Simulated  Flows  with  Historic  Flows  at  Two 
Locations  for  10  Low-Flow  Years  in  the  Period  1955-19S5 


Gauging 

Site 


Historic  Mean 

Annual  Flow 
(1,000  ac-ft) 


Simulated  Mean 
Annual  Flow 
(1,000  ac-ft) 


Historic  Mean 
Irrigation 
Season  Flow 
(1,000  ac-ft) 


Simulated  Mean 
Irrigation 
Season  Flow 
(1,000  ac-ft) 


Havre 

Nashua 


233.1 
162.0 


236. 
163. 


204.5 
59.4 


197.5 
50.8 


Results  of  the  model  are  listed  in  Chapter  3, 
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ATTACHMKT  2 


ECC!;oi';c  criteria 


FARM  BUDGET  ANALYSIS 

The  farn  buc£et  cethod  of  analysis  was  used  to  deterniine  both  the  benefits  and 
repayment  ability  cf  the  project  lands.   Composite  budgets  uere  prepared  to 
reflect  the  varying  farcing  practices  and  land  uses  along  the  Milk  River. 
These  budgets  inccrpcrted  data  from  31eine,  Phillips,  and  Valley  Counties. 

Repayment  budgets  were  cone  for  the  year  1995  to  represent  those  irrigated 
lands,  receiving  a  full  water  supply  and  those  lands  receiving  a  supplenental 
water  supply.   These  budgets  were  considered  to  depict  the  baseline  conditions 
and  the  anticipated  repayment  ability  in  the  first  year  of  project  service. 
This  set  cf  budgets  were  extended  to  illustrate  typical  benefits  levels  over 
the  life  cf  the  project. 

Farn  Size 

The  composite  farm  size  represents  the  nodal  size  fcr  the  three  counties 
located  v:ithin  the  propcsed  project  area.   Derivation  of  the  nodal  farn  size 
is  shown  in  Table  A-6.   The  7,753-acre  size  was  further  verified  frcn: 
additional  sour'ces  and  local  interviews. 

In  accordance  with  Principles  and  Guidelines  (Kater  Resources  Council: see 
"References")  requii'enents,  the  farn  size  was  projected  for  repaynent  purposes 
to  represent  the  1995  level  and  benefit  farns  at  the  economic  aid- point  of  the 
benefits  (8  years  at  8.625  percent).   The  projection  was  nade  through  the  use 
of  a  linear  analysis  of  USDA  census  data.   This  procedure  yields  a  repaynent 
size  of  S,16'4   acres  and  a  benefit  size  of  9,^00  acres. 
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Land  Use 

The  major  reason  for  the  large  units  is  the  vast  anount  of  low  yielding 
rangeland  (approximately  7  acres  per  cow-calf  unit  per  month)  required  to 
maintain  the  cov;  herd.   Range  accounts  for  about  7^  percent  of  the  land  in  the 
three  county  area.   The  rangeland  in  the  composite  budget  also  accounts  for 
74  percent  of  the  land  area  in  the  unit.   Cropland,  fallow,  and  miscellaneous 
unproductive  land  accounts  for  the  remaining  farm  acreage. 

Specific  information  comparing  county  data  and  farm  budgets  is  presented  in 
Table  A-7.   The  crop  distribution  used  in  the  farm  budget  is  as  follows. 


Crop  Distribution  (Percent) 

V/ithout  Pro'^ect 


Irrigated  Alfalfa  Kay 
Irrigated  Barley 
Irrigated  Pasture 
Irrigated  Other  Hay 
Irrigated  Alfalfa  Seed 
Irrigated  Spring  V^:eat 
Irrigated  Waste 
Dryland  Barley 
Dryland  Fallow 
Dryland  l^Tieat 
Dryland  Other  Hay 
Dryland  Alfalfa  Hay 
Owned  Range 
Leased  Range 
Dryland  Unproductive 


Straw 


2 

.00 

9, 

.08 

0 

.29 

.51 

.40 

31 

.11 

43 

.33 

4 

.28 

100 

.00 

9 

.08 

With  Project 


31 

43 

4 


1.59 
.39 
.48 

1.00 
.05 
.19 

•  13 
1  .iiS 

8.53 
6.88 

•  38 
.30 
.11 
.33 
.15 


100.00 
9.10 


Irri;^ated  Acres 

According  to  the  1982  Census  of  Agriculture,  there  are  115,998  irrigated  acres 
in  the  three  county  study  area.   Over  61  percent  of  these  lands  are  in  farms 
larger  than  2,000  acres.   An  average  of  198  acres  is  irrigated  in  these  large 
farms  (Table  A-8).   Although  the  acreage  listed  above  is  shown  as  irrigated  in 
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in  the  fare  budgets,  the  actual  number  cf  acres  irrigated  in  the  farn  budgets 
is  slightly  less  to  allcv;  for  irrigation  waste  for  ditches,  OiM  roads,  etc. 

Frvland  Acres 


"he  dr'^'land  crop  rotatic-ns  in  the  far'in  budcets  v/ere  develc^ed  u^*^'^'^  3"  aire 


Phillips,  and  Valley  County  dryland  crop  statistics.   The 


.  c  -  ,^  r  yr 


.anc  crop 


Jactation  has  regained  much  -he  sane  for  t^^  '^ast  20  years.   ~'~W"Ve^  "'"^p 
recent  trend  has  been  toward  slightly  Qcre  small  grain  crops  at  the  expense  cf 
the  hay  crops.   Therefore,  the  last  5  years  of  published  data  ('951-19S5)  was 
used  for  the  dryland  crop  rotations  (Table  A-7).   It  was  assumed  that  the 
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Table  A-6 

Land  in  Farir.s  Plus  Harvested  Cropland 

for  Farms  with  Irrigation 

Blaine,  Phillips,  Valley  Counties,  1982 


irns  by  Land 

Harvested 

in  Farirs 

Farms 

Total 
(No.) 

Acres 

a) 

Crop 
(No.) 

land 

(acres) 

(No 

.)    (^) 

(%) 

1-   9 

4 

,7 

D 



D 

— 

10-  49 

30 

5.3 

213 



140 

.1 

50-  69 

7 

1.2 

242 

— 

122 

-- 

70-  99 

20 

3.5 

1,629 

.1 

696 

.3 

100-  139 

18 

3.2 

1,844 

.1 

1,121 

.4 

140-  179 

22 

3.9 

3,428 

.2 

1,848 

.7 

180-  219 

20 

3.5 

3,842 

.2 

1,621 

.6 

220-  259 

19 

3.3 

4,544 

.2 

1,862 

,7 

260-  499 

69 

12.2 

24,794 

1.3 

11,792 

4.1 

500-  999 

55 

9.7 

39,754 

2.0 

17,757 

6.2 

1000-1999 

65 

11.5 

93,016 

4.6 

26,687 

9.2 

2000+ 

238 

42.0 

1,845,145 

91.3 

224,802 

77.7 

TOTAL 

567 

100.0 

2,020,438 

100.0 

289,615 

100.0 

Mean 

3,563 

511 

Mode 

2,000  + 

acres   7,753 

945 

Source:   1982  Unpublished  U.S.  Bureau  of  Census  Data  Tapes,  Montana,  Land  in 
Farms  and  Harvested  Cropland  for  Farms  with  Irrigation. 

D  =  Not  published  to  avoid  disclosure. 
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Table  A-7 

Comparison  of  Gross  Land  Use  in 

Farms  with  Irrigation  in  Blaine,  Phillips, 

and  Valley  Counties  (1982  and  the  Farm  Budgets) 


Item 

Comp 

osi  te 

County  Statistics 

Farm 

Budget 

Acres      % 

Acres 

% 

Land  in  Farms 

2,020,A33   100 

7,753 

100 

Harvested  Cropland 

283,935    14 

989 

13 

Fallow 

177,876     9 

667 

9 

Rangeland 

1,498,974    74 

5,771 

74 

Unproductive-Farmstead 

54,603     3 

322 

4 

Irrigation- Waste 



10 

— 

Source:   1982  U.S.  Census  of  Agriculture,  Volume  1,  Geographic  Area 
Series,  Part  26,  Montana  State  and  County  Data,  Table  2 
Irrigation,  Pages  132,  134,  and  135  -  Published  by  U.S. 
Department  of  Commerce,  Bureau  of  the  Census. 
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Table  A-8 

Irrigated  Acres  by  Farm  Size 
llaine,  Phillips,  Valley  Counties 


Total 

Average  No.  of 

Number  of 

Irrigated 

Irrigated  Acres 

Acres 

Farms 

Acres 

% 
D 

by 

Farm  Size 

1- 

9 

4 

D 

D 

10- 

49 

30 

158 

.1 

5 

50- 

69 

7 

156 

.1 

22 

70- 

99 

20 

879 

.8 

44 

100- 

139 

18 

1,310 

1.1 

73 

UO- 

179 

22 

1,905 

1.6 

87 

180- 

219 

20 

1,742 

1.5 

87 

220- 

259 

19 

2,229 

1.9 

117 

260- 

499 

69 

10,945 

9.4 

159 

500- 

999 

55 

12,148 

10.5 

221 

1000- 

1999 

65 

13,116 

11.3 

202 

2000+ 

238 

70,862 

61.1 

298 

TOTAL  567         115,998        99.4  205 


Source:   1982  Census  of  Agriculture,  Volume  1,  Geographic  Area  Series,  Part 

26,  Montana  State  and  County  Data,  Table  4  -  Land  in  Farnis,  Harvested 
Cropland,  and  Irrigated  Land,  Page  160 
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Table  A-9 

Composite  Summary  of  Major 
Dryland  Crop  Acreage 


Acres 


Year 

Barlev 

Wheat 

Alfalfa 

Other  Hav 

1966 

161,600 

362,500 

24,500 

85,700 

1967 

121,400 

449,200 

25,800 

59,500 

1968 

127,600 

398,700 

25,000 

63,600 

1969 

143,800 

344,800 

30,000 

72,100 

1970 

146,900 

332,100 

33,000 

69,500 

1971 

115,000 

455,900 

32,300 

53,700 

1972 

163,900 

426,400 

30,700 

105,900 

1973 

184,800 

461,000 

25,700 

73,600 

1974 

116,700 

517,500 

32,800 

62,700 

1975 

120,400 

546,500 

26,700 

47,200 

1976 

100,500 

603,700 

36,200 

53,500 

1977 

114,600 

567,100 

38,700 

53,500 

1978 

93,500 

563,500 

39,500 

94,400 

1979 

67,800 

596,300 

33,500 

75,300 

1980 

58,800 

593,700 

24,000 

39,900 

1981 

70,100 

659,200 

32,000 

33,200 

1982 

109,200 

677,000 

31,400 

49,900 

1983 

133,600 

528,400 

26,000 

37,900 

1984 

177,300 

527,500 

18,600 

10,700 

1985 

117,000 

431,900 

13,300 

18,100 

20-Year  Average 


Acres 
% 


122,225 

17.2 


502,145 

70.9 


28,985 

4.1 


55,110 

7.8 


10-Year  Average 

Acres        104,240 
%  13.8 


,830 
76. 


29,320 

3.9 


47,140 

6.2 


5-Year  Average 


Acres 
% 


121,440 

16.4 


564,800 

76.1 


24,260 

3.3 


30,960 

4.2 


Source:    Montana  State  Agricultural  Statistics  1966-1985, 
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irrigated  crop  rctations  would  not  change  under  dryland  conditions;  therefore, 
the  dryland  percentages  on  the  "without"  irrigation  budget  vere  increased  to 
include  the  irrigated  crops.   The  irrigated  pasture  v.'as  converted  to  other 
hay. 

Irrigated  and  Dryland  Yields 

Projected  yields  were  obtained  by  developing  a  yield  trend  line  using  a  linear 
regression  analysis  of  the  previous  20  years  of  record  data.   The  maximuxi 
yields  were  obtained  through  a  literature  search  pertaining  to  the  project 
area.   The  trend  line  was  projected  until  the  tTiaxinum  yields  v,'ould  be 
achieved.   The  benefit  analysis  yields  used  were  developed  by  determining  when 
the  highest  yields  would  be  achieved  and  spreading  this  throughout  the  life  of 
the  project.   These  yields  do  not  exceed  those  currently  being  attained  by 
better  farcers  in  the  area  and  are  considered  representative  of  future 
conditicns.   The  irrigated  yields  are  sunmarized  in  Table  A-10,  and  hayland 
crop  yields  are  shown  on  Table  A-11.   The  rangeland  yield  of  .15  AUK' s  per 
acre  was  based  on  information  supplied  by  the  Bureau  of  Land  *:anagement.   The 
projected  crop  yields  used  in  the  analysis  are  shown  below  (benefit  yeilds  are 
after  implementation,  repayment  before). 


Irrigated 

Alfalfa  Kay  (tons) 
Barley  (bushel) 
Pasture  (AUK's) 
Other  Hay  (tons)  1/ 
Alfalfa  Seed  (cwt's) 
Spring  Wheat  (bushel) 

Dryland 

Wheat  (bushel) 
Barley  (bushel) 
Other  Hay  (tons) 
Alfalfa  Hay  (tons) 
Range  (AUH's) 


Benefit 

Repayment 

5.0 

3.6 

73.3 

67.0 

8.7 

8.4 

3.9 

2.0 

3.2 

3.1 

90.6 

77.1 

31.9 

33.6 

1.0 

1.5 

1.5 

1_/   Includes  bluejoint,  alfalfa  brome,  mixed  grasses,  grain  hay. 
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Table  A-10 
Irrigated  Crop  Yields 


Spring 

Alfalf 

a 

Other 

Alfalfa 

Year 

Barley 

Wheat  1/ 

Hay  2 

/ 

Pasture 

2/    Kay  2/ 

Seed  11 

(Bu.) 

(Bu.) 

(Ton) 

(AU?-1) 

(Ton) 

(CCT) 

1966 

48.2 

32.8 

2.8 

3.4 

1,1 



1967 

47.2 

26.2 

2.8 

3.1 

1.0 



1968 

35.8 

35.8 

3.0 

3.1 

1.1 



1969 

46.7 

32.4 

3.1 

3.0 

1.1 

10 

1970 

48.9 

32.1 

3.0 

3.0 

1.2 



1971 

41.4 

30.1 

2.8 

4.2 

1.2 



1972 

53.7 

35.8 

2.9 

5.7 

1.3 



1973 

45.0 

38.1 

3.0 

5.3 

1.4 



1974 

45.7 

41.8 

2.8 

5.3 

1.5 



1975 

47.0 

36.4 

3.0 

7.3 

1,4 

1.0 

1976 

46.5 

40.4 

3.1 

7.0 

1.3 

— 

1977 

49.1 

47.6 

2.9 

7.0 

1.3 

1.1 

1978 

57.8 

40.8 

2.8 

6.5 

1.5 

— 

1979 

59.2 

38.4 

2.9 

6.6 

1.3 

4.63 

1980 

46.4 

45.0 

2.9 

5.3 

1,6 

3.22 

1981 

58.1 

49.4 

3.3 

3.9 

1,6 

1.80 

1982 

58.8 

53.8 

3.5 

5.1 

1,7 

1.06 

1983 

53.2 

53.2 

3.4 

4.6 

1,6 

1.78 

1984 

51.6 

49.8 

2.3 

5.0 

1.1 

3.63 

1985 

35.7 

50.6 

2.3 

4.9 

1.2 

1.68 

Mean 

48.80 

40.53 

2.93 

4,97 

1.33 

2.55  _ 

(s) 

Standard 

Dev. 

6.76 

8.14 

.30 

1.43 

.20 



(2s) 

Standard 

Dev. 

13.52 

16.27 

.60 

2.85 

.40 



X  =  Outside 
7c 

i-  s 
Unadj.  R. 

I        .34 

.91 

-.04 

.46 

.58 



Adj.   R2 

NA 

NA 

NA 

NA 

NA 



(1995) 

Unadj. 

Yield 

56.34 

64.81 

2.89 

7.13 

1.72 



(1995) 

Adj.  Yie 

Id   NA 

NA 

2.94 

3/ 

NA 

NA 



Yield  Used  56.3 

64.8 

3.0 

7.1 

1.7 

2.6 

]_l      Conposite  Montana  Agricult 

ural  Statistics  for 

Blaine,  Phillii 

Ds,  Valley 

Counties . 

y      USER  Statistics  for  Milk  River  Projects, 

3/   10-Year  average  (1976-1985), 

^^   Based  on  the  last  7  years  of  data. 
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Table  A-11 


Dryland  Crop  Yields 


Year 


1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

Mean 
Standard  Dev.  (s) 
2  Standard  Dev.  (2s) 
X  =  Outside  2s 

Unadj.  R2 

Adj.  R2 

Unadj.  Yield  (1995) 

Adj.  Yield  (1995) 

Yield  Used 


Alfalfa 

Other 

Barley  1/ 

Kheat  1/ 

Hay  1/ 

Hay  1/ 

(Bu.) 

(Bu.) 

(Ton) 

(Ton) 

34.6 

23.4 

1.3 

1.0 

20.1 

16.0 

1.3 

.3 

37.6 

20.6 

1.2 

1.0 

36.8 

24.8 

1.3 

1.1 

35.1 

23.4 

1.5 

1.0 

28.5 

20.0 

1.0 

.9 

37.1 

25.0 

1.4 

1.2 

31.7 

23.5 

1.0 

1.0 

30.7 

22.6 

1.7 

1.1 

31.5 

35.0 

1.7 

1.0 

41.7 

28.2 

1.3 

1 . 2 

33.4 

24.2 

1.5 

1.1 

42.8 

29.3 

2.0 

1.4 

27.8 

19.4 

1.4 

1.0 

26.0 

23.4 

1.4 

.8 

30.8 

22.3 

1.6 

1.0 

42.9 

32.0 

1.8 

1.2 

31.9 

27.3 

1.1 

.7 

20.8 

13.6 

.7 

.7 

12.9  X 

10.2  X 

.5  X 

.  5  X 

31.24 

22.96 

1.34 

.99 

7.63 

4.81 

.36 

.21 

15.26 

9.63 

.72 

-.19 

-.00 

-.14 

-.31 

.04 

.33 

.08 

-.13 

33.50 

23.02 

1.16 

.77 

33.06 

27.95 

1.46 

.93 

33.1 

28.0 

1.5 

1.0  2/ 

U     Conposite  Montana  Agricultural  Statistics  for  Blaine,  Phillips,  and  Valley 

Count  ies . 
2/   Based  on  20-year  mean  (1966-1985). 
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Prices  Received 

The  prices  received  are  based  on  the  most  recent  20-year  local  prices 
received.   The  corresponding  Gross  National  Product  deflator  for  each  price 
year  is  used  to  conpute  a  20-year  average  constant  price.   This  price  is  then 
reindexed  to  the  current  year  for  use  in  the  farm  budget  analysis.   This 
nethodology  brings  the  prices  paid  and  received  to  a  coni::5on  point. 

Barley  $    2.66/bu. 

Wheat  4 .  15/bu. 

Alfalfa  Seed  107.00/cwt 

All  Hay  72. 82/ ton 

Alfalfa  Hay  73.89/ton 

Other  Hay  65.-i6/ton 

Co-.:s                     .,  47.53/cu-t 

Heifers  -  Replacement  72.95/cwt 

Heifers  -  Feeder  Calves  75.96/cwt 

Steers  -  Feeder  Calves  79.88/cwt 

Bulls  62.20/cwt 

Prices  Paid 

The  f oil cwing  prices  paid  were  used  in  the  analysis. 

Unit    Level     Dollars/Unit 
Seed  Costs 

Barley 

Wheat 

Alfalfa  -  Certified 

Pasture 

Fertilizer  Costs 

Ammonium  Nitrate,  33.5  percent  N         ton     actual      200.81 
Super  Phosphate,  45  percent  P205         ton     actual      262.76 

Other  Costs 

Fargo 
2,  4-D 

Malathion,  5  lbs. /gal. 

2  ,  4-DB  Amine 

Twine 

Skilled  Labor 

Hired  Lab-r 

Insurance  -  Buildings 

Insurance  &  Licenses  -  Cars  &  Truc'-'.s 
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bu. 

actual 

5.40 

bu. 

actual 

6.60 

cwt . 

actual 

235.00 

cwt . 

actual 

87.00 

gal. 

actual 

36.08 

gal. 

actual 

9,50 

5  gal. 

actual 

86.30 

5  gal. 

actual 

69.50 

bale 

actua 1 

19.85 

hr. 

actual 

4.85 

hr. 

actual 

3.70 

$1.00 J 

actua 1 

4.35 

t  0  t  ,i  1 

actual 

640.00 

Prices  Paid,  (continued) 

Other  Costs,  (continued) 

Insurance  -  Farm  Liability 

Telephone  -  Fai^n  Share 

Electricity  -  Farm  Share 

Regular  Gas,  Bulk 

Diesel  Fuel 

Oil 

Filters  -  Car  &  Trucks 

Filters  -  Tractors,  Swathers,  Combine 

Livestock  Expenses 

Marketing  Costs 

Hauling  (50-60  miles) 

Buying  &  Selling  Commission 
Miscellaneous  Costs 

Salt  L   Minerals 

Vet  Medicine 
Barley  Cake 
Barley  Pellets 
Barley  Rollings 


total 

actual 

92.00 

total 

actual 

500.00 

total 

actual 

925.50 

gal. 

actual 

1.17 

gal. 

actual 

•  96 

qt. 

actual 

1.07 

total 

actual 

3.85 

total 


actual 


12.00 


cwt. 

actual 

.43 

cwt. 

actual 

.43 

cwt. 

actual 

33.00 

cow 

actual 

7.00 

cwt. 

actual 

6.86 

cwt. 

actual 

7.57 

cwt. 

actual 

.45 

NED  IRRIGATION  BENEFITS 

Net  far-]  incomes  v;ere  tar.en  from  the  farm  budgets  representing  the  condition 
with  and  without  the  project.   The  net  increase  with  the  project  is 
$51,692/farra  (see  Table  A-12).   Farm  budgets  are  included  in  the  Economic 
Appendix  (in  a  separate  volume). 

Net  farm  incomes  was  taken  from  the  budget.   From  the  increase  net  income, 
allowances  for  management  and  labor  \:ere   deducted.   The  management  allowance 
was  derived  using  10  percent  factor  of  the  increased  net  farm  income.   The 
additional  labor  required  was  used  to  determine  the  labor  allowance.   A 
summary  of  irrigation  benefits  is  shown  in  Table  A-12.   The  annual  irrigation 
benefit  is  $l42-per  acre. 
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Table  A-12 


Annual  National  Economic  Developinenc  (NED)  Irrigation  Benefits 


Net  Far:n  Income  Vith  Project 
Net  raru)  Incone  Vithout  Project 
Increase  Net  Incorr.e/Farn 

Less: 

6  Percent  of  Variable  Production  Costs 

Labor  Allowance 
NED  Irrigation  Benefits  Per  Farm 


Full  Service 
S-19,0S5 
-73,228 
$  54,143 


1,029 
1,692 


$  51,692 


Acres  Irrigated 


361 


NED  Benefits  Per  Irrigated  Acre 


142 
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The  "without  the  project"  budget  represents  dryland  farming.   The  privately 
irrigated  lands  along  the  canal  route  and  the  land  to  be  served  on  Rocky  Eoy's 
Reservation  are  presently  dryland  farm  operations.   The  benefit  for  each  acre 
irrigated  is  t^^2.      The  sane  benefit  value  per  acre  was  used  for  the  land 
irrigated  by  landowners  with  junior  water  right  and  the  lands  on  Fort  Belknap 
Reservation.   However,  the  number  of  acres  for  which  benefits  were  claicDed  was 
based  on  the  dryland  equivalent  acreage.   That  is,  of  the  24,425  acres  assumed 
to  be  irrigated  on  the  Fort  Belknap  Reservation,  9,850  acres  would  have  to  be 
taken  out  of  production  in  order  for  the  remaining  lands  to  receive  a  full 
water  supply.   (Full  water  supply  is  defined  by  Reclaiation  guidelines  as 
shortages  cannot  exceed  50  percent  in  any  1  year  or  100  in  any  10  consecutive 
years.)  Benefits  of  fl42/acre  were  claimed  for  9,850  acres. 

In  the  case  of  the  lands  irrigated  under  junior  water  rights,  ,^142/acre 
benefits  were  claimed  for  the  entire  25,000  acres.   After  adjudication,  these 
lands  would  have  no  water  supply  at  all  during  extremely  dry  years,  and 
diversions  would  be  reduced  over  10  percent  in  6  out  of  10  years.   There  is 
not  adequate  water  supply  to  provide  a  full  water  supply  to  these  lands, 
landowners  should  revert  to  dryland  operation. 

PAYMENT  CAPACITY 

The  payment  capacity  per  acre  is  estimated  to  be  $19-63  (see  Table  A-13)- 
Based  on  the  repayment  farm  budget,  the  net  farm  income  with  the  project, 
projected  to  year  1995,  is  $27,355-  The  standard  family  living  allowance  (per 
Department  of  the  Interior  criteria)  is  $20,800.   This  leaves  a  payment 
capacity  of  $6,556  per  farm.   Assuming  there  are  334  irrigated  acres  per  farm, 
the  payment  capacity  per  acre  is  $19 •63- 
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Table  A-13 


Payinent  Capacity 


Net  Farm  Income,  With  Project 
Net  Farm  Income,  Without  Project 


$31,443 


Net  Farm  Income,  With  Project 
Less  : 

Family  Living  Allowance  \_l 

Management  Return  2^/ 

Labor  Allowance  'i_l 

Equity  Allowance  4/ 

Balance  of  Living  Allowance 


(  2,736) 
(  2,097) 
(  695) 
(15,271) 


$27,355 


$20,' 


Qi 


Available  Payment  Capacity 

Acres  Served 

Paymenc  Capacity  Per  Acre 


$  6,556 
334 
$     19.63 


j_/   Standard  family  living  allowance  is  $20,800  per  Department  of  the  Interior 

criteria. 
2/   Ten  percent  of  increase  net  farm  income. 
2/   Increased  labor  for  irrigation. 
4/   3.4  percent  of  equity  increase. 
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Attachnient  3 

This  attachment  presents  a  suminary  of  the  Rehabilitation  and  Betterinent , 
Construction  and  Rehabilitation,  and  Onfarm  Efficiency  Improvement  Elements. 
These  eletnents  are  presented  in  detail  in  the  Rehabilitation  and  Betterment 
Reports  for  the  Glasgow,  Malta,  Chinook  (includes  Dodson  Pump)  Divisions. 

Rehabilitation  and  Betterment  Element 
Glasgow  Division 

1.  Place  a  slip-form  concrete  lining  or  pipe  in  22  miles  of  laterals 

2.  Line  the  Vandalia  Canal  with  compacted  earth 

3.  Replace  the  concrete  lining  of  500  feet  of  the  Vandalia  Canal 

4.  Realign,  deepen,  and  rehabilitate  miles  of  open  drains  and  construct 

additional  drains 

5.  Install  Parshall  Flume  measuring  devices  at  diversion  points  of  project 
laterals  and  at  delivery  points  of  laterals  scheduled  for  rehabilitation. 

Malta  Division 

1.  Install  a  new  lift  system  for  a  movable  crest  on  the  Dodson  Diversion  Dam 

2.  Realign,  reshape,  and  complete  earthwork  on  reaches  of  the  initial  5  miles 
of  the  Dodson  South  Canal 

3.  Replace  eight  check  structures  on  the  Dodson  South  Canal  with  new  radial 
gate  check  structures 

4.  Relocate  the  terminal  reach  of  the  Bowdoin  Canal 

5.  Enlarge  the  first  3-mile  reach  of  the  Dodson  North  Canal 

6.  Replace  two  flumes  on  the  Dodson  N'orth  Canal  with  siphons 

7.  Install  a  PVC  membrane  lining  on  a  7-mile  reach  of  the  Dodson  South  Canal 

8.  Replace  the  gate  lifts  on  the  headworks  of  the  Nelson  South,  Nelson  North, 
Dodson  South,  and  Bowdoin  Canals  and  on  the  Points-of-Rocks  Reservoir 

9.  Install  slip-form  concrete  linings  on  27  miles  of  laterals 

10.  Install  pipe  in  8  miles  of  laterals 

11.  Repair  concrete  on  cross  drainage  culvert  transitions,  lateral  turnout 
structures,  siphon  transitions,  and  check  structures 
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12.  Rehabilitate  30  miles  of  open  drains 

13-  Construct  7  miles  of  new  drains 

Ik.    Install  Parshall  Flume  devices  at  diversion  points  of  laterals  and  onfarn 
delivery  points  of  laterals  being  rehabilitated. 

Chinook  Division 

1.  Place  slip-form  concrete  lining  or  pipe  in  18  miles  of  laterals 

2.  Reshape  earth  lateral  and  place  compacted  earth  lining  in  6l  miles  of 
canals  and  laterals 

3.  Place  FVC  membrane  lining  in  10  miles  of  the  Fort  Belknap  Canal,  5  miles  of 
the  Paradise  Valley  Canal  and  5  miles  of  the  Harlem  Canal 

^.   Repair  the  necessary  structures 

5.   Realign,  deepen,  and  rehabilitate  open  drains  and  build  additional  drains. 
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Construction  and  Rehabilitation  Element 
Glasgow  Malta  and  Chinook  Division 

1.  Replace  the  Dodson  Diversion  Dam  and  modify  the  Fort  Belknap 
Diversion  Dam 

2.  Install  buried  raembrane  linings  in  4  miles  of  the  Dodson  South  Canal, 
16  miles  of  the  Dodson  North  Canal,  2.25  miles  of  the  Bowdoin  Canal,  3  miles 
of  the  Nelson  South  Canal,  5,5  miles  of  Lateral  NS  25,  14  miles  of  the  Fort 
Belknap  Canal,  5  miles  of  the  Paradise  Valley  Canal,  6  miles  of  Harlem  Canal, 
16  miles  of  the  Vandalia  Canal  and  20  miles  of  laterals 

3.  Install  concrete  linings  in  .6  mile  of  the  Vandalia  Canal  and  in 
80  miles  of  laterals 

4.  Construct  14  miles  of  pipe  laterals 

5.  Reshape  45  miles  of  earth  laterals 

6.  Replace  1,000  turnout  structures 

7.  Install  1,300  new  measuring  devices 

8.  Construct  10  new  check  structures 

9.  Install  automated  slide  gates  on  the  headworks  of  the  Fort  Belknap 
and  Paradise  Valley  Canals 

10.  Construct  100  miles  of  O&M  roads  and  gravel  surfacing  150  miles  of 
roads 

11.  Rehabilitate  and  extend  114  miles  of  drains 

12.  Install  devices  for  remote  monitoring,  supervisory  control  and 
automation 

13.  Construct  six  new  shop  and  storage  buildings  and  three  new 
headquarters  buildings 

14.  Mitigate  impacts  to  wildlife  habitat. 
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Onfari]  Efficiency  laproveaent:  Element 
Glasgow,  Malta,  and  Chinook  Division 

The  goals  of  onfarm  improvement  are  to  conserve  water  by  reducing  the 
irrigation  de~and ,  increase  crop  production  through  nore  efficient  use  of 
water,  decrease  labor  required  for  farra  operations,  and  distribute  water  aore 
equitably  throughout  the  Milk  River  Basin. 

Onfarra  conservation  requires  two  parts:   the  implementation  of  a  basin-wide 
irrigation  r.anagenient  system,  and  a  program  of  onfarm  improvements  and 
operational  changes  designed  to  increase  the  irrigation  efficiency  by 
15  percent  over  the  present  level. 

The  management  system  will  be  controlled  by  a  single  water  master  responsible 
for  distributing  water  throughout  the  basin  in  an  equitable  and  efficient 
manner.   Scheduling  and  distribution  of  water  will  be  based  on  up-to-date  flow 
information  from  the  measuring  devices  included  in  the  rehabilitated  delivery 
system.   Irrigation  records  for  each  delivery  will  be  recorded  and  incentives 
included  in  a  revised  rate  structure,  with  graduated  rates  and  surcharges  to 
motivate  irrigators  to  be  more  efficient.   Consulting  and  educational  services 
will  also  be  provided  to  design  onfarra  improvements  and  to  assist  in 
basin-wide  irrigation  scheduling. 

Onfarm  improvements  are  designed  to  raise  irrigation  efficiency  from  its 
average  estimated  27  percent,  to  about  42  percent.   Improvements  include  field 
leveling,  border  dikes,  gated  pipes,  concrete-lined  head  ditches,  sprinklers, 
re-use  pits  and  automated  controls  on  head  ditches.   Operational  changes  will 
also  be  made  to  make  the  improvements  effective,  including  shorter  irrigat::n 
set  times  and  more  efficient  scheduling  of  irrigation  applications. 


The  onfarm  program  depends  on  an  efficient  and  the  well-maintained 
distribution  system  brought  about  by  the  Rehabilitation  and  Betterment  and 
Construction  and  Rehabilitation  elements.   The  three  elements  could  be 
i  plemented  at  the  same  time. 


Cose  estimates  for  each  type  of  physical  Improvement  were  based  on  a  sample 
application  and  then  reduced  to  a  cost  per  acre.   These  costs  were  then 
multiplied  by  the  number  of  acres  assumed  to  be  included  for  each  type  of 
improvement  in  order  to  arrive  at  a  total  estimated  project  cost.   These  costs 
include  installation  of  measuring  devices  at  all  delivery  turnouts.   Costs 
also  include  10  percent  unlisted,  15  percent  contingency  and  15  percent 
indirect,  except  for  sprinklers  and  gated  pipe.   The  costs  for  concrete-lined 
ditches  was  estimated  using  information  obtained  from  the  Soil  Conservation 
Service  and  Greenfield  Irrigation  District;  15  percent  indirect  costs  were 
added  to  this. 

Table  A-14  displays  an  array  of  measurements  and  plans  with  associated  costs 
and  water  savings.   An  onfarm  plan  that  would  achieve  a  15  percentage  point 
efficiency  increase  would  cost  about  $20,000,000. 
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Table  A- 14 
Onfarm  ImprcrveEEnc,  Costs  and  Water  Savings 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Plan  S^jAer 

(■1 

C  2 

f  3 

f  4 

Consei^-acion  Method 

*     r r> 

Cianze 

Cost/ 
.Acre 

z 

Pare. 

Water  U 
S3\-inrs 

Cost  2/ 

Part. 

Water 
Sa\-in2S 

Cost 

Pare. 

Water 
Sa\-inrs 

Cos: 

* 

Part 

Water 
Sa\-inrs 

Cost 

Sprinklers 

47 

S5W 

8 

3.S 

4.1 

10 

4.7 

5.1 

— 

Land  Le%'eling 

6 

270 

11 

.7 

2.8 

24 

1.4 

6.0 

40 

2.4 

10.0 

28 

1.7 

7.0 

Border  Dikes 

6 

10 

11 

.7 

.1 

29 

1.7 

.3 

40 

2.4 

.^ 

40 

2.4 

•4 

Concrete  Head  Dikes 

3 

XO 

5 

.2 

1.4 

12 

.4 

3.3 





— 

Autocated  Gates 

(R^iuires  Concrete  Ditches) 

15 

lOO 

5 

.3 

.5 

10 

1.5 

.9 





Gated  Pipe 

6 

ISO 

5 

.3 

.8 

12 

.7 

2.0 

65 

3.9 

10.9 

65 

3.9 

10.? 

Cberacional  Chanses 

a)     Shorter  Irrigation  Sets 

12 

10 

1.2 

— 

25 

3.0 

— 

35 

4.2 

— 

35 

4.2 

— 

b)     Change  in  Jvjcber  and  T::3ing 

8 

10 

.8 

— 

20 

1.6 

— 

35 

2.8 

— 

35 

2.8 

— 

of  Irrigation 

SL'flUI.AL 

s: 

9.7 

151 

17.6 

16: 

21.3 

151 

18.3 

TUIAL     IncludLng  y.iarjring 
Device  at  Itelivery 
Turnouts 

11.7 

19.6 

23.3 

20.3 

1/    Water  savings  is  calculated  by  multiplying  the  percent  erficiency  change  by  the  percent  participation. 

2/    Cost  is  calculated  by  cultiplying  the  percent  participation  by  93,000  acre  (total  rrj=ber  of  acres   irrigated  by  district  and  contract 
pocDers  that  are  not  sprinkler  irrigated)  ar»d  then  tultiplying  by  the  cost  per  acre. 

Col.   (1):     Percent  Efficie.ncy  Change:     This  is  the  or.fara  efficiency  increase  expected  if  the  conser>.'ation  erasure   is  i::pleEented.     The 

present  cortiitioa  ^-as  assuced  to  be  27  percent  efficient. 
Col.   (2):     Cost/.Acre:     Estimated  cost  per  acre  for  implensnting  each  conservation  treasure. 
Col.   (3):     fl  Plan:     This  plan  represents  a  participation  level  assiraing  cost  sharing  fara  inprcvecents  and  cinor  rate  structure  changes   for 

water  which  uojld  result  in  an  8  percent  water  Eat\':ngs. 
Col.   (4):     #2  Plan:     This  plan  is  a  oxiification  of  fl  plan  assxnring  higher  laridCTmer  participation  through  stronger  rate  stnxtu-re  incentives. 

Water  savings  wculd  be  15  percent. 
Col.   (5):     A3  Plan:     This  plan  was  forculated  assumng  sprinkler  and  concrete  head  gates  and  autocation  would  not  be  included  and  assuming  a 

higher  participation  in  operational  changes. 
Col.   (6):     #4  Plan:     Sa^e  as  #3  plan  except   land  leveling  has  been  adjusted  so  the  total  efficiency  irKrease  is   15  percent  for  canparisoa 

to  other  plans. 
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